AD-A216  083 


ORNUTM-11100 


oml 


OAK  RIDGE 

NATIONAL 

LABORATORY 


OPERA'/EO  BY 

MARTIN  MARIEHA  ENERGY  SYSTEMS.  INC 
FOR  THE  UNfTEO  STATES 
DEPARTMENT  OF  ENERGY 


Ranking  of  Air  Force  Heating  Plants 
Relative  to  the  Economic  Benefit 
of  Coal  Utilization 


F.  P.  Griffin 
J.  F.  Thomas 
R.  S.  Holcomb 
J.  M.  Young 


OTIC 

ELECTE 
DEC  141989 


DISTHISUTTON ^ir < A 

Apprcvea  izi  pucii;  rcloase| 
c  Dtstnsunoa  Uoxunjiod 


89  12  13  049 


REPORT  DOCUMENTATION  PAGE 


U  REPORT  SECURITY  ClASSIflCATION 

Unclassified 


2*  SECURITY  ClASSifiCAflON  AUTHORITY 


2b.  OEClASSIFICATiON/OOWNGRAOING  SCHEDULE 


:b  RESTRICTIVE  MARKINGS 


3  OISTRIBUTION/AVAIUA81UIY  OF  REPORT 
Unlialccd 


4,  PERFORMING  organization  REPORT  NUMBEPIS) 

ORNL/TM-lllOO 


S  MONITORING  organization  REPORT  NUMBER($) 


6j>.  name  of  performing  organization  6b  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 
Oak  Rldsc  Satloaal  Labaracary  Atk  Foraa  Enslocatlns  and  Scrvicca  Cancer 


6c  ADDRESS  (Oty.  SU(f.  and  IlPCodt) 
Oak  Ridge,  TO  37831 


7b,  ADDRESS  (Ory,  Sf4re.  and  ZIP Codti 

TjTidall  Air  Force  Base,  FL  32A03 


Bi.  NAME  OF  FUNDING  I  sponsoring  8b  OFFICE  SYMBOL  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

ORGANIZATION  Forco  applitablt) 

Engtnoorine  and  Services  Center  AFESC/DEMB 


Be  ADDRESSTCily.  Statt,  and  ZIP  Coda)  1 10  SOURCE  OF  FUNDING  NUMBERS 


T>’ndall  Air  Force  Base,  FL  32403 


PROGRAM  I  PROJEa 
ELEMENT  NO.  INO 


WORK  UNIT 
ACCESSION  NO. 


11  TITLE  (Imiudt  Sewity  Claaifitation) 

Ranking  of  Air  Force  Heating  Plants  Relative  to  the  Economic  Benefit  of  Coal  Utilization 
(Unclassified) 


12  PERSONAL  AUTHOR(S) 

Griffin,  Frederick  P. ;  Tlionias.  John  F. ;  Holcomb,  Robert  S.;  Young.  Joan  M. 


134.  TYPE  OF  REPORT  13b.  TIME  COVERED 

FROM  _ TO  _ 


16  SUPPLEMENTARY  NOTATION 


14  DATE  OF  REPORT  lYtar,  Month.  Day)  hs.  PAGE  COUNT 


COSATI  COOES 


GROUP  I  SUB-GROUP 


18  SUBJECT  TERMS  (Conf/noe  on  rtvtnt  H  ntetssary  and  kkntify  by  block  nttmbtr) 
heating  plant,  coal  utilization,  economic  analysis, 
life  cycle  cost 


19  ABSTRACT  [Continue  on  reverie  It  neceiM  y  and  identify  by  block  number) 

The  Defense  Appropriations  Act  af  1986  requires  the  Department  of  Defense  to 
use  an  additional  1.6  million  cons  of  coal  per  year  at  their  U.S.  facilities  by 
1995.  It  also  states  that  the  most  economical  fuel  should  be  used  at  each  facility. 

To  comply  with  this  act,  the  United  States  Air  Force  requested  Oak  Ridge  National 

Laboratory  to  evaluate  the  feasibility  and  economics  of  using  coal  at  Air  Force 
heating  plants  that  currently  burn  natural  gas  and/or  oil.  A  life-cycle  cost  analy¬ 
sis  of  16  heating  plants  was  performed,  and  the  results  were  used  to  rank  the  facil¬ 
ities  from  best  to  worst  according  to  their  potential  for  economical  utilization  of 
coal.  As  many  as  12  different  coal  combustion  technologies  were  analyzed  at  each 

Air  Force  site.  Also,  two  types  of  financing  and  three  levels  of  fuel  escalation 

(continued) 


20.  DISTRIBUTION/AVAILABILITY  OF  ABSTRACT 
□  UNCLASSIFIEDAJNLIMITED  S  SAME  AS  RPT. 


22a  NAME  OF  RESPONSIBLE  INDIVIDLIAL 
Freddie  L.  Beasnn 


21.  ABSTRACT  SECURITY  CLASSIFICATION 
□  otic  USERS  Unclassified 


22b.  TELEPHONE  (Include  Area  Code)  22c  OFFICE  SYMBOL 
(904)283-6499  AFESC/DOIB 


DD  FORM  1473, 84  MAR 


83  APR  edition  nay  be  used  until  exhausted. 
All  other  editions  are  obsolete. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 
UNCIJLSSIFIED 


_ UNCLASSIFIED _ 

SCCUHITY  CLASSIFICATION  OF  THIS  NAOK 


(19.  ABSTRACT  continued) 

were  examined  In  the  analysis  for  a  total  of  six  economic  scenarios.  The  heating 
plants  at  Arnold,  Kelly,  Grand  Forks,  Minot,  Robins,  Plattsburgh, .and  McGuire  Air 
Force  bases  wore  consistently  Identified  as  the  top  seven  facilities  for  coal  con¬ 
version,  but  the  actual  amount  of  cost  savings  will  be  strongly  dependent  on  future 
fuel  escalation  rates. 


_ UNCLASSIFIED _ 

SECURITY  classification  OF  THIS  PACE 


ORNL/TH-UlOO 


Engineering  Technology  Division 


RANKING  OP  AJR  FORCE  UEATINC  PLANTS  RELATIVE  TO 
TUB  ECONOMIC  BENEFIT  OF  COAL  UTILIZATION 

F.  P.  Griffin  R.  S.  Holcomb 

J.  F.  Thomns  J.  H.  Young 


Date  Published  -  November  1989 


aT  rV !  • 

)  - 

r.  ' 

r  ! 

L'  •  ■  ■ 

Jit 

□ 

.  '  U 

p,. 

C  \  ‘b  1 

A 

» . £ 

DiSt  ^ 

t, 

...  tu.l 

fl-ll 

Prepared  for  the 

Air  Force  Engineering  and  Services  Center 


Prepared  by  the 
OAK  RIDGE  NATIONAL  LABORATORY 
Oak  Ridge,  Tennessee  37831 
operated  by 

MARTIN  MARIETTA  ENERGY  SYSTEMS,  INC. 
for  the 

U.S.  DEPARTMENT  OF  ENERGY 
under  contract  DE-AC05-840R21400 


ill 

CONTENTS 

PfiSS 

LIST  OF  FIGURES  . v 

LIST  OF  TABLES  . . . . . . . .  vii 

LIST  OF  SYMBOLS,  ABBREVIATIONS,  AND  ACRONYMS  .  ix 

ABSTRACT  . 1 

1.  EXECUTIVE  SUMMARY  .  1 

1.1  BACKGROUND  . .  1 

1.2  DESCRIPTION  . 2 

1.3  RESULTS  AND  RECOMMENDATIONS  .  3 

2.  INTRODUCTION  . 6 

2.1  RELATED  WORK  . 6 

2.2  PURPOSE  .  7 

2.3  METHOD  . . 7 

2.4  LIMITATIONS  .  8 

3.  PREVIOUS  HEATING  PLi\NT  SCREENING  STUDY  .  10 

3.1  SOURCES  OF  INFORMATION  . 10 

3.2  SELECTION  OF  CANDIDATE  AIR  FORCE  SITES  .  11 

3.2.1  Fuel‘-Use  Criteria  . 11 

3.2.2  Uniform  Present  Worth  Economic  Analysis  .  12 

4.  NEW  INFORMATION  FOR  16  CANDIDATE  AIR  FORCE  SITES  .  16 

4.1  LOCAL  COAL  PRICES  AND  PROPERTIES  .  16 

4.2  LOCAL  ENVIRONMENTAL  REGULATIONS  .  16 

4.3  OTHER  SITE-SPECIFIC  INFORMATION  .  17 

5.  DESCRIPTION  iF  COST-ESTIMATION  AND  ECONOMIC  ANALYSES  .  19 

5.1  COMPUTER  MODEL  FOR  HEATING  PLANT  COST  ESTIMATION  .  19 

5.1.1  Dejcription  and  Purpose  . 19 

5.1.2  Basis  of  Costs  . 21 

5.1.3  Options  and  Input  Parameters  . 23 

5.2  COAL-UTILIZATION  PROJECT  ASSUMPTIONS  .  27 

5.2.1  Steam/HTHW  Output  Capacity  . 27 

5.2.2  Combustion  Technologies  .  31 

5.3  COMPUTER  MODEL  FOR  LCC  ANALYSIS  .  33 

5.3.1  Air  Force  Financing  .  35 

5.3.2  Private  Financing  . 37 

5.3.3  Definitions  of  Figures-of-Merit  .  39 


iv 


6.  RESULTS  OF  RANKING  STUDY  .  43 

6.1  VALUES  OF  INPUT  VARIABLES  .  43 

6.1.1  CotC-Escimation  Variables  . 43 

6.1.2  Economic  Variables  . .  45 

6.2  RANKING  BY  BENEFIT/COST  RATIO  .  48 

6.2.1  Air  Force  Financing  and  Cvnership  . «... .  48 

6.2.2  PrivaCe  Financing  and  Oimership  . 53 

6.2.3  Overall  Observations  . 56 

6.3  SENSITIVITY  TO  SELECTED  ECONOMIC  ASSUMPTIONS  . . .  59 

6.3.1  Ranking  by  Discounted  Payback  Period  . .  59 

6.3.2  Effect  of  Discount  Rate  . 61 

6.4  SUMMARY  OF  LEADING  SITES  FOR  COAL  UTILIZATION  .  61 

6.4.1  Arnold  AFS  .  61 

6.4.2  Kelly  AFB  .  63 

6.4.3  Grand  Forks  AFB  .  64 

6.4.4  Minot  AFB  .  65 

6.4.5  Robins  AFB  . 65 

6.4.6  Plattsburgh  AFB  . 66 

6.4.7  McGuire  AFB  .  67 

7.  CONCLUSIONS  AND  RECOMMENDATIONS  .  69 

REFERENCES  .  71 

APPENDIX.  AIR  FORCE  BASE  INFORMATION  SUMMARIES  . .  73 


V 


UST  OF  FIGURES 


Figure 

No.  Title  Page 

5.1  Illustration  o£  monthly  average  heating  load  . .  29 

5.2  Illustration  o£  ideal  capacity  factor  as  a  function 

of  boiler  output  capacity  . . . . .  30 

5.3  Time-dependent  multiplier  applied  tt  annual  main¬ 
tenance  costs  .  37 


9 


Vil 


LIST  OF  TABLKS 


Table 

No. 


Tide 


1.1  Suianary  o£  Air  Force-financed  projccc  results  foe 

the  most  cost-effective  technology  . . . .  A 

1.2  Sunimary  of  privately  financed  project  results  for 

the  most  cost-effective  technology  . . .  A 

3.1  Heating  plants  meeting  fuel-use  criteria  . .  13 

3.2  Cost  and  economic  parameters  used  in  the  UPW 

analysis  . . . .  lA 

5.1  Example  capital  investment  cost  spreadsheet  for 

micronized  coal  . 21 

5.2  Example  operating  and  maintenance  cost  spreadsheet 

for  micronized  coal  . .  22 

5.3  Input  parameters  for  calculation  of  project  costs  .  23 

5.  A  Usual  positions  of  boiler  modification  switches  .  25 

5.5  Coal  refit  technologies  affected  when  boiler 

modification  switches  are  turned  on  . . . .  25 

5.6  Economic  assumptions  used  in  the  LCC  analysis  . 3A 

5.7  Example  discounted  cash  flow  spreadsheet  for 

Air  Force  financing  . 36 

5.8  Example  discounted  cash  flow  spreadsheet  for 

private  financing  . 38 

5.9  Example  LCC  summary  spreadsheet  for  Arnold  Air 

Force  Station  . AO 

6.1  Coal-conversion  project  definition  parameters  . .  AA 

6.2  Fuel  escalation  scenarios  . A7 

6.3  Air  Force-financing  results  with  ranking  according 

to  "nominal  values"  . A9 

6.  A  Summary  of  Air  Force-financing  results  for  best 

coal  technologies  . 52 

6.5  Private-financing  results  with  ranking  according 

to  "nominal  values"  . . . . . . .  5A 

6.6  Summary  of  private-financing  results  for  best 

coal  technologies  . . 57 

6.7  Summary  of  ranking  results  for  Air  Force  and 

private  financing  . 58 


Viii 


6.8  Discounted  psyback  periods  £or  selected  Air  Force- 


£in«nced  projects  . . . .  60 

6.9  Effect  of  discount  rste  on  Air  Force-finsncing 

results  for  zero  fuel  escsletion  . . . . .  62 


ix 


LIST  OF  SYMBOLS^  ABBKEVIATIOMS ,  AMD  ACtOMYMS 


AAC 

Alaskan  Air  Comnand 

ABO 

Annual  Energy  Outlook 

AFIl 

Air  Force  base 

AFSSC 

Air  Force  Engineering  and  Services  Center 

AFLC 

Air  Force  Logistics  Command 

AFS 

Air  Force  station 

AFSC 

Air  Force  Systems  Command 

ATC 

Air  Training  Command 

AU 

Air  University 

Ucu 

British  thermal  unit 

QBCu 

billion  Btu 

CY 

calendar  year 

DEIS 

Defense  Energy  Information  System 

DOO 

U.S.  Department  of  Defense 

DOE 

U.S.  Department  of  Energy 

EIA 

Energy  Information  Administration 

ESP 

electrostatic  precipitator 

FBC 

fluidised-bcd  combustor 

FY 

fiscal  year 

gal 

gallon 

H!1V 

higher  heating  value 

h 

hour 

HTHW 

high-temperature  hoc  water 

kWh 

kilowjict  hour 

thousand  dollars 

Lb 

pound 

LCC 

life-cycle  cost 

HAG 

Military  Airlift  Command 

HAJCOH 

"lajor  command 

HBcu 

million  Btu 

HCP 

Military  Construction  Program 

MFBI 

Major  Fuel  Burning  Installation 

ORNL 

Oak  Ridge  National  Laboratory 

5C 


OSH 

operACing  •  nd  ttininiEunancc 

ROH 

run-of-mine 

ROR 

race  of  return 

SAC 

SccAiegie  Air  Conwiand 

SOYO 

sum-of-iha-years  digiia 

Ul»V 

uniform  present  worth 

USAFA 

United  States  Air  Force  Academy 

RANKIHG  OF  AIR  FORCK  IIKATIIIC  PLAMTS  KEUTIVK  TO 
THE  ECONOMIC  BENEFIT  OF  COAL  UTILIZATION 

P.  P.  Grlflin  K.  S.  Holcomb 

J.  F.  Thomas  J.  H.  Young 


ABSTRACT 


The  Defense  ApproprLaclons  AcC  of  1986  requires  the 
Deparcmcnc  of  Defense  co  use  an  addiclonal  1.6  million  cons 
of  coal  per  year  at  chcir  U.S.  facilities  by  1995.  It  also 
states  chat  the  most  economical  fuel  should  be  used  at  each 
facility.  To  comply  with  this  act,  the  United  ates  Air 
Force  requested  Oak  Ridge  National  Laboratory  to  evaluate  the 
feasibility  and  economics  of  using  coal  at  Air  Force  heating 
plants  tl»at  currently  burn  natviral  gas  and/or  oil.  A  life- 
cycle  cost  analysis  of  16  heating  plants  was  performed,  and 
the  results  were  used  co  rank  the  facilities  from  best  to 
worst  according  to  their  potential  for  economical  utilisation 
of  coal.  As  many  as  12  different  coal  combustion  technolo¬ 
gies  were  analysed  at  each  Air  Force  site.  Also,  two  types 
of  financing  and  three  levels  of  fuel  escalation  were  exam¬ 
ined  in  Che  analysis  for  a  total  of  six  economic  scenarios. 
The  heating  plants  at  Arnold,  Kelly,  Grand  Forks,  Hinoc, 
Robins,  Plattsburgh,  and  McGuire  Air  Force  bases  were  consis¬ 
tently  identified  as  Che  top  sev.en  facilities  for  coal  con¬ 
version,  but  the  actual  amount  of  cost  savings  will  be 
strongly  dependent  on  future  fuel  escalation  rr  cs. 


1.  EXECUTIVE  SUMMARY 


I.l  BACKGROUND 

The  Defense  Appropriations  Act  of  1986  (PL  99-190  Section  8110) 
requires  the  U.S.  Department  of  Defense  (DOD)  to  use  an  additional 
1,600,000  short  tons  per  year  of  coal  at  their  U.S.  facilities  by  1995. 
It  also  states  chat  the  most  economical  fuel  should  be  used  at  each 
facility.  To  comply  with  this  act,  the  United  States  Air  Force  re¬ 
quested  Oak  Ridge  National  Laboratory  (ORNL)  to  evaluate  the  fes  Vility 
and  economics  of  replacing  gas-  and/or  oil -firing  at  Air  Forr.>  heating 
plants  with  coal-firing. 
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In  a  previous  study  by  ORNL, >  commercial  and  near-commercial  coal¬ 
burning  ccchnologics  applicable  lo  conversion  o£  Air  Force  lacilillus 
were  reviewed.  The  capital ,  operating,  and  maintenance  costs  £or  these 
coal  technologies  were  estimated  genetically  £or  typical  heating  plant 
installations,  trom  which  cost  equations  were  formulated  and  put  into  a 
cost-estimating  computer  model  Cor  use  in  subsequent  tasks.  For  com¬ 
parison,  the  computer  model  also  included  cost  estimates  for  gas-  and 
oil-fired  boilers. 

In  a  second  study  by  ORNt,’  Air  Force  installations  that  currently 
burn  significant  quantities  of  gas  and/or  oil  were  reviewed  to  determine 
a  list  of  15  to  20  candidate  sites  for  conversion  to  coal.  Experience 
has  shown  that  small  heating  plants  (annual  average  fuel  usage  <30 
HBtu/h)  will  be  unable  to  burn  coal  economically  in  the  near  future. 
Using  this  fuel-use  criteria  as  u  cutoff  point,  in  conjunction  with  a 
simple  economic  analysis  based  on  the  use  of  uniform  present  worth 
factors,  a  list  was  developed  consisting  of  16  Air  Force  sites  that 
could  potentially  use  coal  with  a  cost  savings. 

1.2  DESCRIPTIOH 

In  this  report,  the  16  Air  Force  sices  mentioned  above  were  e^-alu- 
ated  further  to  determine  their  relative  pol'^ntial  for  cost  savings 
through  coal  utilixation.  The  types  of  projects  examined  were  ones  chat 
incorporate  coal-firing  to  meet  only  the  base  load  of  a  given  heating 
plant;  it  was  assumed  chit  gas  and/or  oil  would  continue  to  be  used  for 
peaking  and  backup  requirements.  Commercial  and  near-commercial  coal 
combustion  technologies  were  evaluated,  including  technologies  for  both 
refitting  and  replacing  existing  boilers.  As  many  as  12  coal  technology 
options  were  considered  for  each  Air  Force  site. 

An  economic  analysis  was  performed  using  the  cost-estimating  com¬ 
puter  model  that  was  developed  during  an  earlier  task  of  the  project, 
together  with  a  newly  developed  life-cycle  cost  (LCC)  computer  model. 
The  economic  results  were  evaluated  by  calculating  a  benefit/cost  ratio 
for  each  coal-conversion  option  at  each  site.  In  this  study,  the  term 
"benefit"  is  used  to  refer  to  cost  avoidance  (i.e.,  the  cost  of  con¬ 
tinued  operation  of  an  existing  system)  rather  Chan  cost  savings  (i.e., 
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the  difference  between  the  cost  of  an  existing  system  and  the  coat  of  a 
new  system).  The  benefit/cost  ratio  Is  therefore  defined  as  the  LCC  of 
the  portion  of  the  existing  gas-  or  oll-flrcd  system  that  would  be  dis¬ 
placed  by  coal,  divided  by  the  LCC  of  the  new  coal-fired  system.  The 
16  Air  Force  sites  were  then  ranked  from  best  to  worst  according  to  the 
beneflt/cost  ratios  for  the  most  cost-effective  coal  technology  at  each 
site. 

The  LCC  results  were  found  to  be  very  sensitive  to  the  assumed  fuel 
escalation  rates;  therefore  three  separate  escalation  scenarios  were 
examined.  These  three  escalation  assumptions  represent  high,  medium, 
and  low  cases  for  escalation  of  gas  and  oil  prices  relative  to  coal 
prices.  The  high  fuel  escalation  case  was  developed  from  DOD  guidelines 
for  energy-dependent  economic  analyses. 3  These  DOD  escalators  are  based 
directly  on  the  Annual  Energy  Outlook  1986  report,  published  by  the 
Energy  Information  Administration  (EIA)  of  the  U.S.  Department  of  Energy 
(DOE).**  The  DOD  fuel  escalation  scenario  just  described  will  be 
referred  to  as  the  "nominal"  case. 

The  second  fuel  escalation  scenario  was  developed  from  the  recently 
published  Annual  Energy  Outlook  1987  report. S  The  1987  projections  for 
fuel  escalation  are  somewhat  lower  than  the  1986  projections,  and  they 
represent  a  medium  fuel  escalation  scenario.  This  second  set  of  escala¬ 
tors  Is  referred  to  as  the  "AEO  1987"  fuel  escalators.  A  third  escala¬ 
tion  scenario  was  also  examined;  simply  assuming  zero  escalation  of  fuel 
prices. 

In  addition  to  the  three  assumptions  for  fuel  escalation,  two  types 
of  financing  were  examined:  Air  Force-owned  and  -financed  projects  and 
privately  owned  and  financed  projects.  The  combinations  of  fuel  escala¬ 
tion  and  type  of  financing  produce  six  economic  scenarios  that  have  been 
examined.  Tables  l.l  and  1.2  summarize  the  ranking  results  for  the  most 
cost-effective  coal-conversion  project  (highest  benefit/cost  ratio)  at 
each  site. 

1.3  RESULTS  AND  REC(»1HEK0ATI0NS 

Tables  1.1  and  1.2  show  that  the  three  fuel  escalation  scenarios 
have  a  very  significant  effect  on  the  calculated  benefit/cost  ratios  for 
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ecceet  to  inexpeniive  roil  delivery  for  cool. 

^LCC  reeulte  f««  eiaondorf  My  be  optiieixiic  become  of  quetiienoblt 
ovoilobillty  of  ineipenslve  cool. 


Toble  1.2.  SuwMry  of  privotely  finonced  project  reiuUo 
tor  the  Moei  coei-effectlve  technoloiy 


Hose 

"Honlnol”  fuel 
escalot ion 

*'AEO  87”  iuel 
escalation 

Zero  fuel 
escalation 

Benefit/ 

cost 

ratio 

Rank 

Benefit/ 

cost 

ratio 

Rank 

Benefit/ 

cost 

ratio 

Rank 

Arnold 

1.944 

1 

1.448 

1 

1.077 

1 

Kelly 

1.408 

2 

1.223 

2 

0.909 

6 

Robins 

1.584 

3 

1.213 

4 

0.911 

5 

Minot 

1.567 

4 

1.211 

5 

0.912 

4 

McGuire 

1.482 

5 

1.140 

7 

0.854 

7 

Grand  Porks 

1.474 

4 

1.213 

3 

0.951 

2 

Plattsburoh 

1.425 

7 

1.168 

6 

0.918 

3 

Elnendorf^ 

1.386 

8 

1.039 

11 

0.767 

11 

Pease^ 

1.384 

9 

1.075 

8 

0.820 

10 

Tinker 

1.304 

10 

0.979 

12 

0.711 

14 

Dover 

1.295 

11 

1.073 

9 

0.851 

8 

Andrews 

1.287 

12 

1.066 

10 

0.846 

9 

Scott 

1.243 

13 

0.978 

13 

0.729 

13 

Hill 

1.252 

14 

14 

0.710 

15 

llanscun 

1.168 

15 

15 

0.760 

12 

USAF  AcadeR.y 

1.152 

16 

BiMi 

16 

0.678 

16 

^LCC  refill  Is  fur  Klnenduri  auiy  bu  upl  iini  si  ic  because  uf 
qucsliunuble  uvai  loin  I  ity  uf  incxpeiisi  4'e  coal. 


^l.CC  results  fur  Pease  nny  be  oplinistic  because  uf 
questionable  access  tu  inexpensive  roil  delivery  tor  coal. 
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coal-conversion  projects.  There  is  much  uncertainty  associated  with 
future  fuel  prices,  and  caution  should  be  used  when  interpreting  the 
results.  A  large  number  of  projects  appear  to  be  economically  viable 
when  the  OOD  fuel  escalators  ("nominal"  case)  arc  used,  and  only  a  small 
number  appear  economical  if  sero  tuel  escalation  is  assumed.  There  are 
no  profound  differences  observed  between  the  Air  Force-  and  private¬ 
financing  cases;  the  benefit/cost  ratios  are  only  slightly  higher  for 
Air  Force  financing. 

Although  the  fuel  escalation  assumptions  can  greatly  affect  the 
bcnefit/cost  ratios,  some  consistency  is  observed  regarding  the  ranking 
of  the  Air  Force  sices.  Arnold  is  consistently  ranked  first  for  all  sis 
economic  scenarios  in  Tables  1.1  and  1.2.  The  sites  ranked  2  through  7 
include  Kelly,  Grand  Forks,  Hinot,  Robins,  Flattsburgh,  and  McGuire, 
although  their  respective  order  changes.  These  seven  sices  are  recom¬ 
mended  as  the  leading  candidates  for  project  implementation. 

Tile  potential  coal  usage  listed  in  Table  1.1  shows  chat,  with  the 
possible  exception  of  Clmendorf,  a  relatively  small  amount  of  coal  would 
be  used  by  any  individual  project  when  compared  to  the  1X)D  target  of 
1,600,000  tons/year.  Frojects  at  the  cop  seven  Air  Force  bases  would 
consume  only  about  112,000  tons/year.  Other  types  of  projects,  that 
would  use  greater  amounts  of  coal,  such  as  cogeneration  or  increasing 
heating  loads  through  distribution  system  extensions,  should  be  exam¬ 
ined. 

Noneconomic  factors  such  as  Air  Force  energy  security,  aesthetics, 
and  possible  effects  on  base  missions  have  not  been  considered  up  to 
this  point.  Obviously,  these  types  of  considerations  must  be  factored 
into  future  decision-making  processes. 


A 
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2.  IHTRODUCTIOH 

ORNL  is  supporting  Che  Air  Force  Coal  UciLizacion/Convcrsion  Fro-* 
gram  by  providing  che  Air  Force  Engineering  and  Services  Ccncer  (AFESC) 
wich  a  defensible  plan  co  meec  chc  provisions  of  che  Defense  Appropria*- 
cions  Acc  of  1986  (PL  99-190  Scccion  8110).  This  Acc  directs  che  Air 
Force  co  implement  the  rehabilitation  and  conversion  of  Air  Force  cen¬ 
tral  heating  plants  (cither  steam  or  high-tempcraturc  hot  water  (HTilW)] 
from  natural  gas-  and/or  oil-firing  to  coal-firing,  if  a  cost  savings 
can  be  rcali^ied.  This  directive  applies  to  Air  Force  installations  in 
che  contiguous  A8  states  and  Alaska. 

2.1  SEUTED  WORK 

ORNL  has  been  involved  in  che  Air  Force  Coal  Ucilization/Conversion 
Program  since  1986.  In  a  previous  report  by  ORNL  for  AFESC,*  Che  full 
range  of  commercial  and  near-commercial  coal-burning  technologies  appli¬ 
cable  to  the  conversion  of  Air  Force  central  heating  plants  was  re¬ 
viewed.  General  descriptions  and  characterization  of  each  technology 
are  presented  including  the  degree  of  commercialization  or  development, 
combustion  efficiency,  environmental  performance,  applications,  and 
limitations.  The  capital  and  operating  costs  for  these  technologies 
have  been  estimated  for  generic  or  typical  heating  plant  installations. 
These  cost  estimates  were  formulated  into  algorithms  and  put  into  a 
spreadsheet  computer  program  for  use  in  subsequent  studies. 

In  another  report  by  ORNL,^  Air  Force  installations  currently 
burning  significant  quantities  of  gas  and/or  oil  were  reviewed.  This 
previous  report  was  a  screening  study  to  find  the  installations  most 
suitable  for  coal  use.  Heating  plants  at  16  installations  were  id.snti- 
fied  as  having  enough  potential  for  coal  utilization  with  an  economic 
benefit  to  warrant  further  analysis.  The  16  Air  Force  bases  previously 
identified  are  considered  further  in  this  report.  More  details  of  the 
previous  screening  study  are  explained  in  Chap.  3. 

A  complementary  study  for  AFESC  was  completed  recently  by  ORI  Inc. 
and  C.  H.  Guernsey  and  Co.^  That  study  examined  central  heating  plants 
at  34  selected  Air  Force  bases.  Leading  candidate  heating  plants  were 
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identified  for  a  feu  specific  coal-conversion  scenarios.  Those  sce¬ 
narios  fit  into  two  categories:  (1)  complete  conversion  of  the  existing 
stenm/UTHW  systems  to  stoker  coal-firing  by  boiler  conversion  or 
replacement,  and  (2)  building  coal-fired  cogeneration  systems  sized  to 
meet  peak  electric  loads.  Stoker-firing  was  the  only  coal  technology 
considered  in  the  OKI  Inc./C.  It.  Guernsey  and  Co.  report. 

2.2  PURPOSE 

The  primary  objective  of  this  study  is  to  establish  a  priority  list 
of  Air  Force  sites  with  the  best  potential  for  cost-effective  coal 
utilization.  A  small  number  of  installations  are  identified  ns  leading 
sites  for  coal-utilization  project  implementation « 

The  analysis  work  provides  a  quantitative  ranking  of  the  heating 
plants  at  each  site  according  to  the  economic  benefit  of  coal  utiliza¬ 
tion.  In  order  to  accomplish  this  ranking,  a  wide  variety  of  coal-burn¬ 
ing  technologies  have  been  evaluated  in  this  study.  Heating  plant  con¬ 
version  may  include  alteration  of  existing  boilers  with  the  addition  of 
certain  equipment  to  allow  coal-firing,  or  adding  a  new  coal-fired 
boiler  system  to  the  heating  plant.  Cogeneration  of  heat  and  electric¬ 
ity  will  be  considered  in  a  separate  report. 

2.3  HiSTUOD 

Available  information  about  Air  Force  central  heating  plants  has 
been  collected  and  organized  to  examine  conversion  to  coal-firing. 
Emphasiii  was  put  on  determining  steam/HTHW  loads,  electric  loads,  exist¬ 
ing  boiler  design  and  condition,  current  fuel  costs,  local  environmental 
regulations,  and  site-specific  factors  that  will  affect  conversion 
project  costs  and  technology  selection.  The  16  candidate  heating  plants 
identified  in  the  previous  screening  study^  were  examined  more  cloifely, 
and  LCC  economic  analyses  were  performed  for  each  heating  plant.  The 
plants  were  then  ranked  according  to  the  results  of  the  economic  analy¬ 
ses. 

A  variety  of  coal  technology  options  were  examined  for  each  site. 
These  technology  options  are  described  in  a  previous  ORNL  report ^  and 
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discussed  very  briefly  lacer  in  chis  report.  A  computer  model  was 
developed  to  generate  itemieed  costs  for  each  coal-burning  technology 
based  on  project  si%c,  capacity  factor,  ^uel  costa,  coal  specifications, 
SOj  removal  requirements,  electricity  costs,  and  other  variables.  Coat 
estimates  can  be  generated  for  as  many  as  seven  boiler  refit  technolo¬ 
gies  and  six  types  of  replacement  boilers.  For  comparison,  the  cost  of 
continued  operation  of  the  existing  gas-/f.il-fired  system  that  would  be 
replaced  by  coal-firing  is  also  calculated.  The  cost  of  the  gas/oil 
system  represents  the  expenditures  that  can  be  avoided  by  switching  to 
coal. 

For  each  Air  Force  sice,  conversion  project  specifications,  such  as 
sccnm/HTtlW  output  capacity  and  type  of  coal  technology,  were  selected  on 
the  basis  of  economics  and  site-specific  limitations.  Because  high 
capacity  factors  are  generally  required  for  coal  systems  to  be  economi¬ 
cal,  the  typical  result  is  chat  only  a  portion  of  the  maximum  steam/HTIIW 
load  should  be  met  with  coal-firing,  while  the  remaining  sceam/ilTliW  load 
should  be  met  with  gas/oil  peaking  units.  This  is  a  notable  contrast  to 
the  ORI  Inc./C.  H.  Guernsey  and  Co.  report,  which  used  the  assumptions 
of  1002  coal-firing  capability  for  all  heating  plant  conversions  and 
stoker-firing  as  the  only  technology  option. 

Two  types  of  project  financing  are  analyzed  in  chis  report.  One 
scenario  represents  an  Air  Force-owned  project  using  Military  Construc¬ 
tion  Program  (HCP)  funds,  and  the  other  scenario  assumes  that  a  private 
company  builds,  owns,  and  operates  Che  heating  plant.  The  economic 
assumptions  and  their  effects  on  Che  results  are  discussed  in  Chaps.  3 
and  6. 

2.4  LIMITATIONS 

This  study  has  certain  limitations  relating  to  sice  and  fuel  cost 
data.  Some  of  the  site-specific  information  is  either  unknown  or  incom¬ 
plete,  and  therefore  some  of  the  project  options  and  possible  problems 
are  unknown.  Detailed  architectural,  engineering,  and  environmental 
studies  will  be  required  before  implementing  an  actual  project. 

Another  condition  that  cannot  be  predicted  accurately  is  future 
changes  in  fuel  prices.  This  is  an  especially  important  consideration 
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in  chis  scudy  because  ic  is  likely  chac  coal,  gas,  and  oil  prices  will 
all  escalate  at  diCferenc  races.  Fuel  prices  greacly  a£fecc  che  LCCs  o£ 
Che  cxiscing  gas/oil  systems  as  well  as  all  of  che  pocencial  coal-con¬ 
version  projeccs.  The  LCC  escimaces  muse  be  updated  as  fuel  price 
conditions  change. 

Despite  some  limitations,  the  cost-estimation  and  economic  analyses 
described  in  this  report  have  provided  an  effective  way  to  identify  and 
rank  Air  Force  central  heating  plants  chat  have  che  best  potential  for 
coal  ucilixation.  The  information  presented  in  this  report  can  be  used 
for  future  studies  leading  to  actual  project  implementation  at  selected 
heating  plants. 
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3.  1‘REVIOUS  HEATING  PUNT  SCREKNINC  STUDY 

A  previous  report^  was  aimed  ac  narrowing  che  number  of  gas-  aty  r 
oil-burning  Air  Force  facilities  to  be  considered  ns  viable  coal-ucili- 
r.ation  candidates.  ORNL  reviewed  and  analysed  data  pertaining  to  gas- 
and/or  oil-fired  central  heating  plants  and  documented  che  results  in 
chat  report.  The  objective  of  che  screening  study  was  to  develop  a  list 
of  the  IS  CO  20  Air  Force  sites  with  che  best  potential  for  conversion 
CO  coal. 

3.1  SOURCES  OF  INFORMATION 

Reliable  information  characccriaing  che  Air  Force  heating  plants 
was  necessary  to  accomplish  the  objectives  of  the  previous  screening 
study.  The  information  needed  for  each  Air  Force  base  included  current 
fuel  use,  heating  load  profile,  fuel  prices,  possible  coal  delivery 
methods,  boiler  design  and  condition,  status  and  condition  of  peripheral 
equipment  id  electric  power  consumption  and  price. 

ORI  Inc,  and  C.  H.  Guernsey  and  Co.  report.  A  major  source  of 
information  was  che  report  entitled  Air  Force  Coal  Conversion  l>hasc  XII 
Discovery  and  Fact  Finding  Study  by  ORI  Inc.  and  C.  H.  Guernsey  and 
Co.®  In  that  report,  34  Air  Force  bases  were  examined  by  using  ques¬ 
tionnaires,  telephone  contacts,  and  personal  visits  to  gather  informa¬ 
tion  needed  to  assess  coal  use  at  che  central  heating  plants.  Ocher 
sources  of  information,  such  as  previous  Air  Force  assessments,  were 
also  used  to  supplement  chose  efforts  to  obtain  information.  This  study 
was  particularly  helpful  because  current  gas,  oil,  and  electricity 
prices  were  obtained,  as  well  as  Load  information,  heating  plant  capac¬ 
ity-rating  data,  and  ocher  up-to-date  information. 

HFBI  survey.  Useful  information  concerning  many  important  Air 
Force  heating  plants  was  found  in  Che  results  of  a  1980  inventory  of  Air 
Force  boilers  larger  than  10  MBtu/h  output  capacity.  This  inventory  was 
part  of  the  Federal  Facilities  Power  Plant  and  Major  Fuel  Burning 
Installation  Survey  (HFBI  Survey)  requested  by  DOE  by  authority  of  the 
Power  Plant  and  Industrial  Fuel  Use  Act  of  1978. 
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Much  infociiuicion  ithec  Is  useful  for  analysis  of  the  central  heating 
plants  was  included  in  this  HFBI  Survey.  The  major  drawbacks  were  that 
some  Air  Force  base  surveys  were  incomplete  or  contained  conflicting 
information.  The  HFBI  Survey  information  is  dated,  and  a  few  heating 
plants  have  been  upgraded  or  the  heating  loads  have  changed  somewhat  in 
the  interim. 

Other  sources.  Several  other  sources  of  information  were  also 
utilitized  for  the  previous  screening  study,  including  contacts  with 
knowledgeable  individuals,  applicable  Defense  Energy  Information  System 
(DEIS)  data,  several  internal  studies  of  Air  Force  heating  plants,  and  a 
boiler  dac«  base  developed  by  the  U.S.  Army's  Construction  Engineering 
Research  Laboratory  from  Hartford  Steam  Boiler  Co.  data.  This  data  base 
was  helpful  in  cross'-checking  the  existence  and  capacity  ratings  of 
individual  boilers.  The  internal  Air  Force  studies  provided  1985  and 
1986  load  information  (steam/HTUW  and  electric)  for  selected  Air  Force 
bases. 

3.2  SELECTIOM  OF  CANDIDATE  AIR  FORCE  SITES 
3.2.1  Fuel-Use  Criteria 

In  the  previous  screening  study,  a  list  was  made  of  Air  Force  gas- 
and/or  oil-burning  heating  plants  identified  as  significant  fuel  users. 
Information  pertaining  to  these  heating  plants  was  then  examined  more 
closely.  Large  plants  were  sought  because  coal  utilization  is  much  more 
competitive  at  large  sizes.  Favorable  economics  for  coal  use  depends  on 
displacing  large  amounts  of  gas  and/or  oil  with  coal.  Furthermore, 
capital,  operating,  and  maintenance  costs  for  coal-fired  boiler  equip¬ 
ment  have  less  impact  on  total  costs  as  the  size  of  the  boiler  increases 
(see  discussion  of  economy  of  scale  in  Sect.  5.2.1). 

A  list  was  developed  identifying  26  heating  plants  at  24  Air  Force 
facilities  that  have  a  reported  annual  fuel  use  >260  BBtu  (annual 
average  fuel  consumption  >30  KBtu/h).  Based  un  experience,  it  was 
judged  that  facilities  using  less  energy  than  this  cutoff  point  could 
not  be  viable  candidates  for  coal  use  in  the  near  term.  All  heating 
plants  for  which  at  least  one  source  of  data  indicated  a  fuel  use  >260 
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BBcu/year  arc  included  in  Table  3.1.  Note  that  two  heating  plants  are 
treated  as  a  single  system  at  A/^  ircus  Air  Force  Base  (AFB)  because  they 
feed  into  a  common  distribution  system. 

3.2.2  Unicom  Present  Worth  Economic  Analysis 

In  the  previous  screening  study,  a  relatively  simple  economic 
analysis  was  used  to  identify  where  coal  would  be  economically  competi¬ 
tive  with  the  current  fuel  being  used.  This  process  allowed  the  elimi¬ 
nation  of  ten  additional  heating  plants  from  further  consideration  by 
verifying  that  they  were  very  poor  candidates  for  coal  use.  In  this 
way,  the  study  identified  16  gas-  and/or  oil-fired  heating  plants  et  16 
Air  Force  bases  that  should  be  investigated  further  to  determine  their 
potential  for  coal  utilization. 

the  previous  economic  analysis  was  not  as  sophisticated  or  detailed 
as  the  one  presented  later  in  this  report.  In  the  previous  analysis, 
the  annual  fuel,  operating,  and  maintenance  costs  were  multiplied  by  a 
uniform  present  worth  (UPW)  factor  to  determine  their  present  values. 
The  assumption  was  made  that  these  series  of  annual  costs  would  remain 
uniform  over  the  life  of  the  project.  Projects  were  chosen  for  each 
heating  plant  based  on  conversion  of  only  a  portion  of  the  plant  to 
coal-firing;  one  or  two  boilers  at  each  heating  plant  were  assumed  to  be 
refitted  for  coal-firing  or  replaced  with  new  coal-fired  boilers.  Each 
project  was  optimized  to  be  near  the  most  cost-effective  size.  The 
cost-estimation  and  economic  assumptions  used  in  the  UPW  analysis  are 
listed  in  Table  3.2.  The  economic  assumptions  resulted  in  a  UPW  factor 
of  9.427. 

The  capital  investment  requirements,  operating  and  maintenance 
(O&M)  costs,  and  fjel  costs  for  each  simulated  project  were  estimated  in 
the  previous  screening  study  with  the  aid  of  a  cost-estimation  computer 
model.  This  model  has  been  reused  in  this  ranking  study,  but  different 
values  are  used  for  the  input  parameters  to  reflect  new  information 
about  the  Air  Force  bases.  The  cost-estimation  model  is  described  in 
Sect.  5.1  of  this  report. 

Each  heating  plant  was  evaluated  according  to  the  economic  benefit 
of  conversion  to  coal.  Those  plants  that  showed  the  least  promise  for 


Table  3>l.  lieacins  planes  seccins  fuel-use  criceria 
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2  —  No.  2  (discillacc)  oil,  P  —  propane,  N  -  none. 

^Limicacions  on  fuel-use  data:  C  —  gas  use  only;  6  —  No.  6  oil  use  only,  1  —  data  is  missing  or  suspect 

^An  electric  boiler  system  was  in  use.  An  estimate  of  fossil  fuel  Chat  would  otherwise  be  consumed  was 
calculated  assuming  a  75Z  boiler  efficiency. 
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Table  3.2.  Cosc  and  economic  parameccri  used 
in  Che  UPW  analysis 


Cosc-escimacing  assumpcions 

Price  o£  stoker  coal 

Price  of  run-of-minc  coal 

Price  of  coal/wacer  slurry 

Price  of  coal/oil  slurry 

Price  of  nacural  gas 

Price  of  No.  2  distillate  oil 

Price  of  No.  6  residual  cil 

Labor  rate 

Ash  disposal  price 

Electric  price,  $/kWh 

No  active  SO^  removal  required 


?K75/HBeu 
$1.50/HBtu 
^3.00/HBcu 
$3.50/HBtu 
Local  price 

$4.71/H8cu  (?0. 65/gal) 
$3.67/HBcu  (?0. 55/gal) 
6j5,000/«an-yenr 
$10/ton 
Local  price 


Economic  assumptions 

Air  Force-ouned  and  -operated  project 
Economic  life  is  30  years 
Real  discount  rate  is  lOX 

UPU  factor  applied  to  fuel  and  O&K  costs  is  9.427 

All  capital  is  invested  at  the  beginning  of  the  project 

No  salvage  value  after  30  years 

No  local  property  taxes  and  insurance 

No  real  escalation  of  fuel  and  O&H  costs 

General  inflation  effects  are  negligible 


being  candidates  from  an  economic  standpoint  were  reviewed  further  by 
considering  annual  fuel  use,  annual  electric  use,  and  electric  price 
(cogeneration  possibilities).  For  McClellan,  the  strict  California 
environmental  regulations  were  also  considered.  Using  this  information 
to  make  judgements,  the  heating  plants  at  McClellan,  Keesler,  Lowry, 
Maxwell,  Charleston,  KeChord,  Uhiteman,  and  Uurtsmith  were  eliminated 
along  with  plant  No.  825  at  Hill  and  plant  No.  208  at  Tinker.  Hill  and 
Tinker  have  larger  heating  plants  remaining  in  the  list. 

The  results  of  the  screening  study  produced  a  list  of  16  heating 
plants  at  16  Air  Force  bases  to  be  given  further  consideration.  Each  of 
the  remaining  sites  has  a  single  heating  plant  that  may  be  a  viable 
candidate  for  a  conversion  project,  with  the  exception  of  the  two  plants 
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Andceus  that  are  creaceti  as  a  single  system  because  they  are  con¬ 
fected  to  a  common  distribution  system.  The  relative  potential  £or  coal 
utilisation  at  these  16  Air  Perce  installations  is  the  subject  o£  the 
remainder  o£  this  report. 
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A.  MEW  INFOttMATION  FOR  16  CAMDIDATE  AIR  FORCE  SITES 

This  chapter  describes  the  efforts  since  the  heating  plant  screen** 
ing  study  was  completed.  It  was  deemed  necessary  to  produce  a  more 
in-depth  analysis  of  the  remaining  16  Air  Force  sites  to  accurately  rank 
them  according  to  the  economic  benefit  of  coal  utilization.  Many  of  the 
differences  between  the  previous  screening  study  and  this  current  rank¬ 
ing  effort  are  highlighted  in  this  chapter. 

A.l  LOCAL  COAL  PRICES  AMD  PROPERTIES 

• 

It  is  important  to  understand  the  prices  and  characteristics  of  the 
coals  available  at  each  prospective  sice.  To  obtain  such  information,  a 
large  number  of  coal  suppliers  and  transportation  companies  were  con¬ 
tacted.  Information  was  requested  for  both  stoker-grade  and  run-of-mine 
(ROM)  coals. 

Each  request  to  coal  suppliers  asked  for  the  mine  mouth  price  (more 
precisely,  the  price  of  coal  brought  Co  a  specific  rail  or  truck  loading 
point)  and  the  following  characteristics  for  each  coal:  higher  heating 
value;  content  of  ash,  sulfur,  nitrogen,  and  fines;  top  and  bottom  size; 
ash-softening  temperature;  swelling  index;  and  grindability  index.  The 
transportation  costs  were  estimated  by  Che  coal  supplier  and/or  the 
railroad  companies  chat  would  be  involved.  Generally,  rail  delivery  is 
cheaper  when  the  delivery  distance  is  significant  (>200  miles).  When 
rail  shipment  was  not  possible  or  inappropriate,  truck  delivery  rates 
were  estimated. 

The  use  of  locally  available  coal  properties  and  prices  in  this 
study  represents  a  significant  improvement  over  the  previous  screening 
study,  which  assumed  uniform  coal  prices  of  $1.50/HBCu  for  ROM  coal  and 
$1.75/HBCu  for  stoker  coal.  The  coal  properties  and  prices  that  were 
used  for  each  Air  Force  site  are  summarized  in  the  Appendix. 

4.2  LOCAL  EMVIRONMEMTAL  REGULATIONS 

To  understand  the  environmental  control  requirements  for  each  Air 
Force  site  under  consideration,  the  appropriate  state  agencies  were 
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conCacCed.  Hose  of  the  15  scnccs  contacted  sent  copies  of  the  latest 
regulations  and  other  helpful  material.  Another  highly  utilised  source 
was  the  Environmental  Reporter,'^  which  publishes  state  environmental 
regulations. 

Federal  environmental  regulations  applicable  to  fossil-fuel-burning 
installations  were  also  reviewed.  Generally,  the  federal  regulations 
only  apply  to  coal-burning  systems  with  fuel  input  capacities  >100 
HBtu/h.  However,  if  the  site  is  located  in,  or  near,  a  zone  ruled  to  be 
in  noncompliance  with  ambient  SO^,  or  particulate  standards,  spe¬ 
cial  federal  regulations  can  apply  regardless  of  size.  Information  to 
determine  if  a  given  Air  Force  base  is  within  a  noncompliance  zone  was 
available  from  other  ORNL  studiet. 

In  Che  previous  screening  study,  the  costs  of  SO.;j  or  reduction 
were  not  included  in  the  analysis,  although  particulate  removal  costs 
were  included  in  all  cases  (baghouses  were  assumed  necessary).  The 
appropriate  environmental  regulations  have  been  taken  into  consideration 
in  this  ranking  study.  For  most  sices  it  was  found  Chat  when  the  fuel 
input  capacity  is  below  100  MBtu/h,  there  are  either  no  SO2  emission 
regulations  or  low-sulfur  coal  will  be  sufficient  to  meet  Che  SOj  regu¬ 
lations.  Furthermore,  current  coal  combustion  technology  will  achieve 
sufficient  NO^  control  in  most  cases.  The  effect  Chat  environmental 
regulations  have  in  each  specific  case  is  discussed  in  Che  Appendix. 

4.3  OTHER  SITE-SPECIFIC  IMFORMATION 

Ocher  site-specific  information  not  considered  in  Che  previous 
screening  study  has  been  included  in  this  study.  This  is  the  result  of 
more  information  being  obtained  and  also  implementation  of  a  more  de¬ 
tailed  analysis.  The  availability  of  FY  1986  fuel-use  data  led  Co  Che 
revision  of  the  expected  capacity  factors  for  some  heating  plants.  The 
expected  capacity  factor  is  a  key  parameter  when  calculating  the  LCC  of 

a  coal-utilization  project.  Another  source  of  information  was  from  a 
separate  effort  at  ORNL  concerning  energy  security  at  Air  Force  instal¬ 
lations. ^  Also,  a  draft  copy  of  the  information  in  Che  Appendix  of  this 
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report:  has  been  sene  Co  Che  appropriacc  major  command  (HAJCOH)  head~ 
quercers  for  cheir  review  and  comments.  Their  written  and  verbal 
responses  contained  new  and  updated  information  for  some  of  the  bases. 

Some  Air  Force  sites  currently  have  no  room  for  a  coal  pile  on  the 
base  or  perhaps  only  have  sufficient  space  at  a  sice  remote  from  the 
central  heating  facility.  This  affects  the  type  of  coal  technologies 
chat  can  be  used  at  the  site.  Another  space  problem  that  can  occur  is 
wl  V  .  there  is  very  little  room  near  the  existing  boilers  because  of  the 
presence  of  other  equipment  and  other  buildings.  If  a  space  shortage  is 
severe  enough,  the  refit  technologies  chat  require  large  pieces  of 
equipment  to  be  located  near  che  existing  boiler  will  be  penalized  or 
eliminated.  Such  space  shortages  were  not  accounted  for  in  che  previous 
report  but  arc  considered  in  this  study. 

The  site-specific  considerations  that  affect  che  economic  analysis 
of  each  heating  plant  are  described  in  Che  information  summaries  pro¬ 
vided  in  che  Appendix  for  each  of  che  16  Air  Force  sices. 
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5.  DESCRIPTION  OF  COST-ESTIMATION  AND  ECONOMIC  ANALYSES 


5.1  COMPUTER  MODEL  FOR  HEATING  PLANT  COST  ESTIMATION 


5.1. I  Description  and  Purpose 


In  a  previous  study  by  ORNL  for  the  Air  Force,*  coal  combustion 
technologies  found  to  be  applicable  to  Air  Force  central  heating  plants 
were  reviewed  and  evaluated.  As  a  part  of  that  previous  work,  O&H  and 
capital  cost  equations  were  developed  for  the  many  coal  technology 
options  that  could  be  employed  at  a  heating  plant.  O&H  cost  equations 
for  firing  gas  or  oil  at  a  central  heating  plant  were  also  developed  for 
comparison.  A  computer  model,  based  on  these  cost  equations,  was  de¬ 
veloped  to  estimate  heating  plant  costs  for  each  of  13  different  coal 
technology  options  and  for  gas-  and  oil-firing.  The  costs  generated  for 
the  coal  technology  options  can  be  compared  with  each  ocher  and  with  the 
costs  of  continued  firing  of  gas  or  oil.  A  much  more  detailed  discus¬ 
sion  of  the  development  of  the  heating  plant  cost-estimating  equations 
can  be  found  in  the  previous  report  prepared  for  the  Air  Force  Engineer¬ 
ing  and  Services  Center.* 

The  13  coal -utilizing  technologies  included  in  the  cost-estimating 
model  are  divided  into  Che  following  two  categories: 


Refit  technologies 

Micronired  coal-firing 
Slagging  pulverized  coal  burner 
Modular  FBC  add-on  unit 
Return  to  stoker-firing 
Coal/water  slurry 
Coal/oil  slurry 
Low-Btu  gasifier 


Replacement  boilers 

Packaged  shell  stoker 
Packaged  shell  FBC* 
Field-erected  stoker 
Field-erected  FBC 
Pulverized  coal  boiler 
Circulating  FBC 


The  refit  technologies  reuse  as  much  of  the  existing  boiler  equip¬ 
ment  as  possible.  In  a  micronized  coal  system,  Che  coal  is  pulverized 


*FBC  -  fluidized-bed  combustor. 
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CO  a  sixe  much  smaller  Chan  ordinary  pulverised  coal|  and  ic  is  burned 
directly  in  che  existing  boiler.  In  a  slagging  system,  pulverised  coal 
is  burned  in  a  small,  high-temperature,  cyclone  burner  chat  is  connected 
to  che  existing  boiler.  In  a  modular  FBC  system,  pare  o£  che  sccam/lITtlW 
is  generated  in  an  add-on  bubbling  FUC  unit,  and  the  existing  boiler  is 
used  as  n  waste  heac  recovery  unit.  The  rccurn  to  scoker-firing  option 
can  only  be  considered  i£  the  existing  boiler  was  originally  designed 
for  stoker  coal.  In  slurry  systems,  the  coal/water  and  coal/oil  mix¬ 
tures  are  burned  directly  in  the  existing  boiler.  In  a  gasifier  system, 
stoker  coal  is  gasified  with  air  in  an  add-on  unit  and  che  hut,  low-Bcu 
gas  is  burned  in  the  existing  boiler. 

The  replacement  boilers  reuse  only  che  existing  water  treatment 
system  and  the  sccam/liTIIW  distribution  system.  For  che  stoker  and 
bubbling  FBC  systems,  both  packaged  and  ficld-ercctcd  units  have  been 
examined.  The  packaged  units  arc  factory-built,  shell  (fire-tube) 
boilers  Chat  arc  small  enough  to  be  shipped  by  rail.  The  field-erected 
units  are  larger,  water-tube  boilers.  For  che  pulverized  coo!  and  cir¬ 
culating  FBC  systems,  only  field-erected,  water-cube  boilers  have  been 
examined. 

The  costs  of  emission  control  systems  for  particulates,  NOj^,  and 
SOj  are  included  in  the  cost-estimating  model.  All  13  coal  technologies 
are  assumed  to  require  baghouses  to  meet  the  particulate  emission  regu¬ 
lations.  Particulate  control  beyond  cyclone-type  devices  is  required 
virtually  everywhere  in  the  United  States,  and  baghouses  arc  judged  to 
be  che  most  cost-effective  and  appropriate  technology.  emissions 
are  assumed  to  be  controlled  with  conventional  combustion  control  sys¬ 
tems  for  all  coal  technologies.  The  need  for  active  SOj  removal  systems 
varies  from  location  to  location,  and  che  type  of  SOj  control  system 
required  depends  on  che  coal  technology.  Costs  associated  with  SOj 
control  can  be  included  or  excluded  in  Che  cost-estimating  model  on  a 
case-by-case  basis.  The  assumptions  about  SOj  control  systems  are 
discussed  later  in  Sect.  5.1.3. 

The  computer  model  consists  of  two  corresponding  spreadsheets  for 
each  of  Che  13  coal  technologies,  one  for  estimating  the  capital  invest¬ 
ment  and  another  for  estimating  O&H  costs.  Each  spreadsheet  calculates 
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an  iccmiscd  cost  cable,  such  as  Che  examples  shown  In  Tables  5*1  and 
5.2.  The  purpose  oC  using  chls  Iccmlscd  cost  cable  Cormac  Is  co  gencr- 
ace  very  consisccnc  and  comparable  cosc  escimnees  Cor  each  technology 
considered.  Any  calculaicd  projccc  coots  can  easily  be  examined  in 
decall.  The  personal  computer  soltware  package  used  co  develop  Che 
costing  program  is  Framework  II,  by  Ashcon-Tate  Corp. 

5.1.2  Basis  oC  Costs 

The  cosc-’cstlmuilng  algorithms  arc  based  on  reccnc  cose  studies, 
vendor  and  user  inCormation,  and  applicable  reported  coses  oC  coal-based 
projects.  The  cosc  equations  for  commercialized  technologies  were 
developed  from  a  literature  review  and  extensive  previous  work  at  ORNL. 


Table  5.1.  Example  capital  Investment  cost 
spreadsheet  for  mlcronlzed  coal 


Technology:  HICR0NI2ED 
COAL  BURNER  -  REFIT  TO 
EXISTING  BOILER 
20-200  HBTU/llR 

Multiple 


Size  (KBCu/hr) 

Output  steam  «  72.00 
No.  of  units  a  I 
Output/unlc  °  72 
unit  multiplier  =  1 


SCALING 

ITEM _ FACTOR _ COSTS  IN  k$ 


Site  work  &  foundations 

.50 

24. 

Boiler  modifications 

.50 

12. 

Soot  blowers 

.60 

0. 

TAS  micronlzcd  comb,  system 

.52 

176. 

Boiler  house  modification 

.50 

24. 

Fuel  handling  &  storage 

.40 

781. 

No  bottom  ash  system 

0. 

Ash  handling 

.40 

298. 

Electrical 

.80 

100. 

Baghouse 

.80 

520. 

Subtotal 

1935. 

Indirects  (30X) 

581. 

Contingency  (20X) 

503. 

Total  for  each  unit 

3019. 

Grand  total 

3019. 
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Tabic  5.2.  Example  operacing  and  malncenance 
cose  sprcadshecc  for  mlcronixed  coal 


Technology:  MICRONIZED  COAL  BURNER  REFIT  TO  EXISTING  BOILER 
SIZE  10-200  HBTU/HR 


Total  oucpuc  (HBcu/hr)  ^  72.00 
Number  of  units  converted  “  I 

Unit  output  (HBtu/hr)  “  72.00 
Fuel  CO  steam  efficiency  »  .80 
Capacity  factor  “  .72 
Ash  disposal  price(§/con)  “  10.00 
Electric  pricc(cenCs/kWh)  “  4.50 
Labor  race  (k§/yr)  “  35.00 
Limestone  price  ($/con)  =  20.00 


COAL,  LIMESTONE,  ASH 
Ash  fraction  »  .10 
S  fraction  ■  .015 
HHV  (Btu/lb)  -  12000.00 
Ton  coal/yr  =  23652.00 
Ca/S  ratio  »  .00 
Inert  fraction  =  .05 
Ton  sorbenc/yr  «  .0 
Uaste/sorbent  ■=  .858 
Ton  ash/yr  »  2365.2 


CATEGORY 

SCALING 

FACTOR 

COST  IN  kS 

Direct  manpower  (f) 

.18 

557.9 

Repair  labor  &  materials  (f) 

.36 

374.3 

Electricity  (f) 

1.00 

36.2 

Electricity  inc.  baghse  (v) 

1.00 

74.1 

Baghousc  (f) 

.36 

29.8 

Limestone  (v) 

l.OO 

.0 

Ash  disposal  (v) 

l.OO 

23.7 

Nonfuel  O&H  total 

1095.92 

A  large  amount  of  information  concerning  coal-,  gas-,  and  oil-fired  sys¬ 
tems  can  be  found  in  a  report  published  by  the  U.S.  Army  Corps  of  Engi¬ 
neers,  Construction  Engineering  Research  Laboratory, ^  which  includes 
background  information  and  cost  equations  developed  by  ORNL  for  a 
variety  of  coal-based  systems  and  other  energy  technologies. 

Cost  data  for  technologies  that  are  "emerging"  or  not  yet  com¬ 
mercialized  are  either  unreliable  or  unavailable.  Therefore,  costa  of 
such  systems  were  developed  by  reviewing  each  emerging  technology  and 
comparing  with  conventional  coal  technologies.  When  comparing  these 
technologies,  several  cost  items  (equipment,  maintenance,  manpower)  will 
often  be  identical  or  very  similar.  The  differences  between  technolo¬ 
gies  have  been  explored  to  develop  cost  estimates  that  are  consistent 
and  comparable.  Costs  for  certain  items  were  developed  through  contact 
with  and  visits  to  vendors  and  users.  Actual  prices  and  costs  were 
obtained  (rather  chan  budgetary  estimates)  whenever  possible.  More 


in£ormncion  concerning  the  dcvclopmenc  of  the  cose  equations  can  be 
found  in  Refs.  1  and  9. 

5.1.3  Optionft  and  Input  RaramcCers 

A  list  of  input  parameters  for  the  cost-'estimating  model  is  given 
in  Table  5.3.  Numerical  values  arc  given  for  those  parameters  t  at  are 


Table  5.3.  Input  parameters  for  calculation  of  project  costs 


Project  definition  parameters 


1.  Total  project  heat  output  capacity,  HBtu/h  Variable 

2.  New  boiler  system  expected  capacity  factor,  X  Variable 

3.  Number  of  existing  units  to  be  refit,  Variable 

integer  njmber 

4.  SOj  control  option,  on/off  switch  Variable 

5.  Soot  blower  option,  on/off  switch  Variable 

6.  Tube-bank  modification  option,  on/off  switch  Variable 

7.  Bottom  ash  pit  option,  on/off  switch  Variable 


O&H  cost  parameters 

8.  Hydrated  Lime  price,  $/ton 
9u  Ash  disposal  price,  $/ton 

10.  Electric  price,  e/kWh 

11.  Labor  rate,  $K/(man-yenr) 

12.  Limestone  price,  $/con 

Fuel  prices 

13.  Natural  gas,  $/HBcu 
U.  No.  2  oil,  $/HBCu 
l3.  No.  6  oil,  §/MBcu 

16.  ROH  coal,  $/MBtu 

17.  Stoker  coal,  $/HBtu 

18.  Coal/watcr  mixture,  $/HBcu 

Coal  properties 

19.  Ash  fraction 

20.  Sulfur  fraction 

21.  IIIIV,  Btu/lb 

Limestone/lime  properties 


41.60 

10.40 
Variable 

36.40 
20.80 


Variable 

4.71  ($0. 65/gal) 

3.67  (§0. 55/gal) 

Variable 

Variable 

3.00 


Variable 

Variable 

Variable 


22.  Inert  friiction 


0.050 
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Assumed  to  have  fixed  values.  The  numerical  values  of  the  other  parame¬ 
ters  vary  from  site  to  site  as  is  discussed  later  in  Sect.  6.1.1,  These 
input  parameters  and  variables  are  defined  in  this  section. 

Proiect  siac.  Three  important  input  variables  are  used  to  define 
the  project  size.  The  project  thermal  output  capacity  (size)  must  be 
specified,  and  the  expected  capacity  factor  for  the  new  coal-fired 
system  is  associated  with  a  given  output  capacity.  The  way  chat  output 
capacity  and  expected  capacity  factor  wore  determined  in  this  study  is 
explained  in  Sect.  5.2.1.  Inherent  to  choosing  Che  capacity  of  any 
project  involving  refit  technologies  is  the  number  of  existing  boilers 
to  be  converted  to  coal-firing.  These  three  variables  (numbered  1—3  in 
Table  5.3)  arc  project  specific  and  must  be  uniquely  determined  for  each 
case. 

SO,  control.  Based  on  Che  applicable  regulations  at  each  sice,  for 
each  project  it  must  be  determined  if  the  available  coals  can  be  burned 
without  using  special  SOj  control  rocthods.  SO,  emissions  will  be  con¬ 
trolled  passively  if  an  inexpensive  low-sulfur  coal  is  available.  How¬ 
ever,  when  active  SO,  removal  is  needed,  an  "on/off  switch"  input  vari¬ 
able  can  be  turned  on  to  add  costs  for  SO,  control  to  all  coal  com¬ 
bustion  technologies.  This  includes  added  costs  for  capital  equipment, 
lime  or  limestone,  labor,  electricity,  etc.  The  active  SO,  removal 
techniques  assumed  in  the  computer  model  are  limestone  injection  for 
roicronized  coal-firing,  slagging  combustors,  and  the  two  slurry  tech¬ 
nologies;  limestone  addition  for  all  fluidized-bed  combustion  tech¬ 
nologies;  lime  spray-dry  flue  gas  scrubber  systems  for  all  stoker  and 
pulverized  coal  technologies;  and  chemical  11,8  stripping  from  coal 
gasification  product  gas. 

Existing  boiler  modifications.  Some  refit  technologies  require  up 
to  three  types  of  modifications  to  the  existing  boilers:  addition  of 
soot  blowers,  adding  a  bottom  ash  pic  (ash  removal)  system,  and  boiler 
heat  transfer  tube-bank  modifications.  The  decision  of  when  to  include 
these  modifications  is  a  function  of  Che  design  of  the  existing  boilers 
and  Che  type  of  coul-ucilization  iiechnology  employed.  The  procedure 
used  for  adding  the  costs  of  the  three  boiler  modifications  is  illus¬ 
trated  in  Tables  5.4  and  5.5  and  described  below.  .  Also,  background 
information  for  this  decision-making  process  can  be  found  in  Ref.  1. 
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Table  5. A.  Usual  posUions  of  boiler 
modification  switches 


Existing 

boiler 

design 

Soot 

blower 

option 

Tube-bank 

modification 

option 

Bottom 
ash  pit 
option 

Coal 

Off 

Off 

On 

Residual  oil 

Off 

On 

On 

Distillate  oil 

On 

On 

On 

Table  5.5.  Coal  refit 
boiler  modification 

cochnologics 
switches  are 

affected  when 
turned  on 

Soot 

Tube-bank 

Bottom 
ash  pit 
system 
added 

Coal  refit  technology 

blowers 

added 

modification 

included 

Kicronised  coal-firing 

Yes 

No 

No 

Slagging  pulverised  coal  combustor 

Yes 

No 

Yes 

Modular  fluidixcd-bed  unit 

Yes 

No 

Yes 

Return  to  stoker-firing 

No 

No 

Yes 

Coal/water  slurry-l iring 

Coal/oil  slurry-firing 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Coal  gasification 

No 

No 

No 

The  compucer  model  has  chtec  on/off  switch  yarinblcj  (numbered  5-7 
in  Table  5.3)  that  control  uhethr.r  or  not  the  costs  of  a  particular 
boiler  modification  are  included  in  the  total  costs.  Table  5. A  shows 
how  the  switch  positions  are  usually  selected  as  a  function  of  the 
boiler  design.  For  example,  if  an  existing  boiler  was  designed  for 
residual  oil,  it  is  normally  assumed  that  the  boiler  already  has  soot 
blowers,  but  requires  tube-bank  modifications  and  the  addition  of  an  ash 
pit.  Deviations  from  these  usual  sritch  positions  are  sometimes  neces¬ 
sary  based  on  more  detailed  information  pertaining  to  a  given  boiler. 

When  the  boiler  modification  switches  are  turned  on,  the  appro¬ 
priate  costs  are  autoinatically  added  by  the  computer  model  to  some,  but 
not  all,  of  the  refit  technologies.  Table  5.5  illustrates  which  coal 
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refic  cechnoLogles  are  affected  by  chc  three  boiler  modification 
switches.  For  example,  when  a  bottom  ash  pit  must  be  added,  costa  are 
added  to  all  of  the  refit  technologies  except  micronixed  coal'-firing  and 
coal  gasification. 

O&H  cost  parameters.  A  number  of  parameters  that  affect  nonfuel 
O&H  costs  are  inputs  to  the  coat’-estimacing  computer  model.  Table  5.3 
gives  the  values  used  for  limestone  price,  lime  price,  ash  disposal 
price,  and  labor  race.  The  values  of  these  four  parameters  were  fixed 
throughout  this  study  and  include  a  adjustment  from  1987  to  1988 
dollars.  The  assumption  of  a  uniform  labor  rate  in  chc  United  States 
may  be  somewhat  simplified,  but  more  detailed  information  was  not  avail** 
able.  Locally  reported  values  were  used  for  price  of  electricity  at  each 
Air  Force  base. 

Fuel  prices.  The  values  for  fuel  prices  (numbered  13~18  in 
Table  S.3)  must  be  specified  in  current  dollars.  These  current  prices 
may  escalate  with  time;  different  escalation  scenarios  can  be  modeled  by 
chc  LCC  computer  program.  The  current  prices  used  for  No.  2  and  Ho.  6 
oils  were  assumed  to  be  uniform  in  all  regions  of  the  country  and  equal 
to  the  DOD  stock  fund  prices.  It  is  assumed  that  the  higher  heating 
value  (IIHV)  of  Ho.  2  oil  is  138,000  Bcu/gal  and  the  HHV  of  Ho.  6  oil  Is 
150,000  Bcu/gal.  For  lack  of  better  information,  a  uniform  price  was 
also  used  for  coal/water  slurry.  The  cost  of  coal/water  slurry  would  no 
doubt  have  regional  variations,  hue  such  variations  cannot  really  be 
known  at  this  time.  .Any  price  used  for  slurry  fuels  is  questionable. 

Local  prices  that  vary  from  region  to  region  were  used  for  natural 
gas,  ROM  coal,  and  stoker  coal.  Gas  prices  reflect  recent  reported 
costs  from  the  Air  Force  bases  under  consideration.  Coal  prices  were 
determined  from  the  study  described  in  Sect.  6.1.  The  prices  used  were 
for  Che  lowest-cost  ROM  and  stoker  coals  with  acceptable  properties. 

Coal  and  limestone  properties.  Coal  properties  were  cakei:  from  the 
coal  selection  study  described  in  Sect.  6.1.  The  properties  used  were 
for  the  lowest-cost  ROM  and  stoker  coals  with  acceptable  characteris¬ 
tics.  The  inert  fraction  of  limestone  and  lime  (caused  by  impurities) 
was  specified  as  a  single  value  equal  Co  5X  by  weight.  It  was  also 
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assumed  chac  lime  would  be  hydrated  with  one  water  molecule  per  calcium 
Atom. 

5.2  COAL-irriLlZATlOM  PROJECT  ASSUMPTIONS 

A  t;  it  oC  choices  must  be  made  to  define  the  scope  o£  a  coal- 
utilieation  project  at  a  given  heating  plant.  Section  5.1.3  already  has 
touched  on  some  of  these  choices  by  defining  the  computer  input  parame¬ 
ters  and  variables  for  the  cosc-escimation  model.  The  assumptions 
involved  in  selecting  actual  values  for  some  of  these  input  variables 
are  discussed  further  in  this  section.  The  procedure  for  choosing  the 
sisc  of  a  coal  project  is  explained  in  Sect.  5.2.1,  and  the  method  for 
selecting  applicable  coal  technologies  at  each  sice  is  explained  in 
Sect.  5.2.2. 

5.2.1  SCeaa/UTilW  Output  Capacity 

When  examining  coal-utilixation  projects  at  a  particular  heating 
plant,  it  is  desirable  to  find  the  optimum  (most  economical)  sixe  for 
the  coal-firing  equipment.  The  eixe  of  a  coal  project  is  defined  here 
as  the  design  steam/HTiiU  output  capacity  in  KBtu/h.  To  understand  how 
the  steam/tlTilW  output  capacity  was  selected  for  the  coal-fired  systems 
at  each  Air  Force  base,  it  is  helpful  to  examine  the  trade-offs  in¬ 
volved. 

When  compared  Co  gas-/oil-f ired  boilers,  coal  systems  require  much 
higher  capital  investments  and  are  more  costly  Co  operate  and  maintain. 

A  coal  system  can  realize  an  overall  cost  savings  only  if  coal  is 
sufficiently  less  expensive  Chan  gas  or  oil.  A  basic  trade-off  exists 
between  gas/oil  systems  with  high  fuel  prices  and  coal  systems  with  low 
fuel  prices  but  high  capital  and  O&H  costs.  The  optimum  size  of  a  coal- 
conversion  project  is  influenced  by  this  trade-off,  which  is  discussed 
below  along  with  some  ocher  important  considerations. 

Economy  of  scale.  The  costs  of  coal-fired  boilers  are  affected  by 
what  is  sometimes  termed  the  "economy  of  sc'le."  This  means  that  as  the 
design  capacity  of  a  boiler  or  boiler  plant  is  increased  (without  major 
design  changes),  Che  accompanying  capital  investment  required  and  annual 
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O&H  C05CS  also  increase,  but,  aC  a  slower  race.  The  following  values 
illuscracc  chls  principle: 


25,000“lb/h 

50,000~lb/h 


scokcr  boiler 
scoker  boiler 


Capital 

invescmenc 

(?) 


3,250,000 

4,900,000 


Nonfuel  O&H 
annual  cosC 
(?) 


761,000 

934,000 


These  example  cose  cscimaces  are  for  single’-boiler  heacing  plants  oper*- 
acing  ac  60X  annual  capacity  factor  and  arc  for  illustration  only.  It  la 
seen  that  doubling  the  boiler  system  size  increases  the  costs  but  does 
not  double  them.  This  economy  of  scale  effect  causes  coal  systems  to  be 
less  competitive  for  small  applications  and  more  competitive  for  Large 
applications,  when  compared  to  gas/oil  systems. 

Capacity  factor  vs  size.  The  capacity  factor  is  defined  in  this 
report  as  the  total  amount  of  heat  that  a  boiler  produces  in  I  year 
divided  by  the  total  amount  of  heat  chat  the  boiler  could  produce  if  it 
operated  at  its  design  output  capacity  (maximum  continuous  racing)  for 
Che  entire  year.  The  Air  Force  heating  plants  examined  in  this  report 
have  capacity  factors  chat  range  from  >252  to  40X.  These  low  capacity 
factors  arc  a  result  of  redundancy  built  into  most  of  the  central  heat¬ 
ing  plants.  Apparently  this  excess  capacity  ensures  very  high  heating 
source  reliability,  even  at  peak  load  conditions. 

An  important  question  chat  must  be  answered  is  how  much  plant 
capacity  should  be  converted  to  coal-firing  to  achieve  the  best  economic 
results.  The  answer  depends  largely  on  the  heating  load  profile  of  a 
particular  heating  plant,  but  the  general  rule  is  that  only  a  small 
portion  of  the  pianc  should  be  converted.  Any  newly  installed  cr<al- 
fired  equipment  should  be  used  as  much  as  is  practical  to  minimize  the 
effect  of  capital  and  O&K  costs.  All  heating  load  that  is  not  provided 
by  CDuI -firing  should  be  supplied  by  the  remaining  gas-  or  oil-fired 
equipment. 

The  principle  of  “diminishing  returns"  is  at  work  here.  As  Che 
size  of  a  proposed  coal  system  is  increased,  Che  expected  capacity 
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factor  for  chat  system  will  decrease.  For  each  incremental  increase  in 
the  output  capacity  of  a  coal  system,  the  incremental  savings  of  fuel 
costs  will  decrease.  Even  with  the  economy  of  scale  effect,  a  point  is 
reached  where  the  additional  capital  and  O&H  costs  of  a  larger  coal 
system  are  not  offset  by  the  potential  fuel  cost  savings. 

Accurate  information  about  the  load  profile  of  an  existing  heating 
plant  is  needed  to  determine  the  optimum  sixe  for  a  coal-conversion 
project.  The  type  of  information  available  for  Air  Force  heating  plants 
is  shown  in  Fig.  5.1,  which  illustrates  an  example  of  monthly  average 
heating  load.  From  this  monthly  average  load  data,  "ideal"  capacity 
factors  were  calculated  as  a  function  of  boiler  output  capacity,  as  is 
shown  in  Fig.  5.2.  These  ideal  capacity  factors  must  be  adjusted  to 
account  for  daily  and  hourly  load  fluctuations  and  equipment  repair 
time.  For  this  study,  the  ideal  capacity  factors  calculated  from 
monthly  data  were  multiplied  by  a  factor  of  0.9.  A  small  table  that 
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Fig.  5.1.  Illustration  of  monthly  average  heating  load. 
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Fig.  3.2,  IllustraCion  of  ideal  capacity  factor  as  a  function  of  * 

toiler  output  capacity. 

lists  expected  capacity  factor  vs  roal  project  size  is  included  in  each 
Air  Force  base  information  summary  in  the  Appendix. 

Size  and  design  of  existing  boilers.  One  of  the  conclusions  of  the 
previous  heating  plant  screening  study^  was  that  the  coal  refit  tech¬ 
nologies  tend  to  be  more  economical  than  the  boiler  replacement  tech¬ 
nologies.  Because  of  chat  trend,  the  analysis  in  this  ranking  study 
concentrated  more  on  Che  refit  technologies.  The  capacities  of  Che  « 

existing  boilers  at  a  heating  plant  therefore  had  a  strong  influence  on 
the  selection  of  output  capacity.  Only  one  or  two  of  the  existing 
boilers  would  generally  be  chosen  for  conversion  to  coal-firing.  This 
obviously  limited  the  selection  of  possible  output  capacities  to  dis¬ 
crete  steps. 

The  design  of  the  existing  boilers  also  influenced  the.  selection  of 
output  capacity.  If  the  existing  boilers  were  originally  designed  for 
either  coal  or  residual  (No.  6)  oil,  it  was  assumed  chat  Che  boilers 
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have  enough  volume  in  Che  furnace  to  operate  at  their  full  deiign  capac¬ 
ity  with  any  of  the  coal  refit  technologies,  if  the  boilers  are  modified 
as  discussed  in  Sect.  5.1.3.  However,  boilers  that  were  originally 
designed  for  distillate  (No.  2)  oil  tend  to  have  smaller  furnace  volumes 
wit^  tightly  spaced  tubes.  In  addition  to  the  boiler  modifications 

discussed  in  Sect.  5.1.3,  it  was  assumed  that  No.  2  oil-fired  boilers 
would  require  a  capacity  derating  of  20X  to  accommodate  the  coal  combus- 
^  cion  equipment.  The  boilers  that  were  actually  selected  for  coal  refit 

and  their  capacity  before  and  after  conversion  are  explained  in  the  Air 
Force  base  information  summaries  in  the  Appendix. 

Emission  regulations.  At  a  few  Air  Force  sites,  the  applicable  SOj 
emission  regulations  affected  the  choice  of  project  size.  The  federal 
New  Source  Performance  Standards  regulate  SOj  emissions  from  coal- 
burning  equipment  only  if  fuel  input  ratings  are  100  HBtu/h  oi  greater 
(assuming  the  location  is  in  ccmpliunce  with  federal  ambient  air  quality 
k  standards).  When  the  state  regulations  allow  coal  to  be  burned  without 

SO}  removal,  there  is  an  economic  incentive  to  keep  a  coal  system 
smaller  chan  100  HBtu/h  of  fuel  input  (equivalent  to  about  75  or 
80  HBtu/h  of  steam/HTHW  output).  If  the  design  capacities  of  the  exist¬ 
ing  boilers  in  a  heating  plant  are  larger  than  this  cutoff  value,  then 
it  was  sometimes  advantageous  to  derate  the  boilers  to  eliminate  the 
need  for  active  SOj  removal  systems.  The  effects  of  Che  applicable 
environmental  regulations  on  each  simulated  project  are  discussed  in.  the 
Air  Force  base  information  summaries  in  the  Appendix. 

5.2.2  Combustion  Technologies 

The  13  coal-utilizing  technologies  included  in  the  cost-estimating 
,  model  are  discussed  in  Sect.  5.1.1.  Only  a  subset  of  chose  technologies 

was  evaluated  for  each  particular  heating  plant  sice,  and  the  technolo¬ 
gies  that  were  included  or  excluded  were  determined  on  a  case-by-case 
basis.  Technologies  were  only  eliminated  if  a  valid  reason  for  removal 
was  determined.  T'ue  general  reasoning  behind  the  elimination  of  certain 
technologies  is  described  here.  Information  pertaining  to  the  selection 
of  appropriate  technology  options  for  each  Air  Force  base  is  found  in 
Che  information  summaries  in  Che  Appendix. 
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Coal/oil  slurry.  Coal/oil  mixture  technology  was  eliminated  en¬ 
tirely  from  this  study  for  a  number  of  reasons.  The  cost  estimates  for 
the  slurry  technologies  (both  coal/oil  and  coal/water)  were  based  on  the 
assumption  that  near-term  commercialization  would  make  large  quantities 
of  slurry  fuels  available  regionally  or  locally  at  competitive  prices. 
However,  there  is  currently  very  little  interest  (or  research  and 
development  work)  in  coal/oil  slurries  for  either  industrial  or  utility 
applications.  This  is  in  direct  contrast  to  coal/water  slurry-firing, 
which  is  currently  receiving  much  more  attention.  It  seems  that 
coal/oil  slurries  have  a  much  smaller  chance  of  becoming  commercialized 
chan  coal/water  slurries. 

Coal/oil  slurry-firing  w^vs  judged  to  be  much  less  attractive  than 
coal/water  slurry-firing  if  oil  prices  are  assumed  to  escalate  signifi¬ 
cantly  faster  chan  coal  prices.  Because  -SOT  of  the  coal/oil  slurry 
heating  value  comes  from  oil,  the  benefit  of  coal/oil  slurry-firing 
decreases  rapidly  as  oil  prices  rise  relative  to  coal  prices. 

There  have  been  some  technical  problems  specifically  associated 
with  coal/oil  slurries,  one  of  which  is  control.  Flame  temperatures 
have  been  reported  to  be  high,  causing  e.xcessive  amounts  of  thermally 
produced  NO^j.  This  type  of  problem  is  not  seen  with  coal/water  slurry¬ 
firing.  Also  it  may  not  be  possible  to  use  a  baghouse  for  particulate 
control  with  coal/oil  slurries  because  of  the  possibility  of  blinding 
Che  bag  material.  An  electrostatic  precipitator  (ESP)  may  be  required 
instead  of  a  baghouse.  The  disadvantage  is  chat  an  ESP  is  a  more  costly 
technology  for  Che  size  of  the  systems  under  consideration. 

It  is  acknowledged  chat  coal  slurries  containing  both  oil  and  water 
are  being  developed  and  marketed  at  this  time.  This  type  of  slurry  was 
not  examined  directly  in  this  study.  However,  coal/water/oil  mixtures 
are  judged  to  be  similar  to  coal/water  slurries  because  only  a  small 
amount  of  the  total  heating  value  (<30T)  comes  from  Che  oil. 

Return  to  stoker-firing.  One  of  the  coal  refit  options  is  Co  reuse 
stoker-firing  in  a  boiler  that  was  originally  designed  for  stoker¬ 
firing.  If  none  of  Che  existing  boilers  at  a  heating  plant  were  de¬ 
signed  for  stoker-firing,  then  this  refit  technology  must  obviously  be 
eliminated  from  consideration. 
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Space  limitations.  At  some  Air  Force  bases,  some  o£  the  tech¬ 
nologies  could  not  be  considered  as  viable  alternatives  because  o£  site- 
specil'ic  space  limitations.  The  two  types  o£  space  considerations 
examined  in  this  study  were  (1)  space  £or  the  coal  combustion  and  coal¬ 
handling  equipment  and  (2)  space  £or  a  coal  pile.  Space  must  be  avail¬ 
able  inside  a  boiler  house  for  any  new  boilers,  boiler  modifications, 
add-on  combustion  equipment,  coal  feeding  equipment,  and  any  coal  prepa¬ 
ration  equipment  such  as  pulverisers.  The  boiler  house  can  be  expanded 
if  necessary.  Space  is  required  outside  a  boiler  house  for  the  day 
storage  silos  and  coal  conveyors.  The  coal  pile  should  be  located  no 
more  than  a  few  hundred  meters  from  the  boiler  house,  and  there  must  be 
ample  room  for  the  rail  or  truck  unloading  station  as  well  ns  a  90-d 
supply  of  coal. 

The  refit  technologies  are  affected  when  space  is  limited  in  and 
around  the  existing  boiler  house.  The  slagging  combustor,  modular  FBC, 
return  co  stoker,  and  gasifier  technologies  were  dropped  from  the  analy¬ 
sis  first  because  they  require  the  greatest  amount  of  equipment  space  in 
the  boiler  house.  Trie  micronizied  coal  equipment  occupies  somewhat  less 
room,  and  this  technology  could  be  retained  in  a  few  special  situations 
when  the  other  dry  coal  technologies  were  eliminated.  All  of  the  above 
dry  coal  technologies  were  eliminated  when  there  is  no  room  for  a  coal 
pile  near  the  existing  boiler  house.  The  coal/water  slurry  technology 
was  analyzed  at  all  of  the  Air  Force  bases  because  it  was  assumed  to 
require  no  more  room  than  an  oil-fired  boiler. 

The  replacement  technologies  are  affected  by  space  limitations  at 
both  the  existing  boiler  house  and  other  locations  on  the  base.  All  six 
replacement  technologies  could  be  considered  at  almost  all  of  the  Air 
Force  bases.  If  the  replacement  boilers  had  to  be  located  at  a  new 
heating  plant,  then  it  was  assumed  that  the  costs  of  connecting  the  new 
boilers  to  the  existing  distribution  system  would  be  negligible. 

5.3  COMPUTER  MODEL  FOR  LCC  ANALYSIS 

In  addition  to  the  cost-estimation  model,  a  computer  model  devoted 
to  LCC  analysis  was  also  developed.  The  LCC  model  has  two  main  parts:  a 
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discounted  cash  flow  spreadsheet  and  an  LCC  suromary  spreadsheet.  In  the 
cash  flow  spreadsheet,  the  capital  and  O&H  costs  (including  fuel)  are 
distributed  over  time,  while  the  value  of  money  is  assumed  to  be  time- 
dependent  (i.c.,  the  cash  flows  are  discounted).  The  calculated  LCC  of 
a  project  is  the  sununation  of  these  discounted  cash  flows  over  the 
economic  life  of  the  project.  In  the  LCC  summary  spreadsheet,  the  LCCs 
of  the  proposed  coal-fired  boilers  are  compared  to  the  LCC  of  the 
existing  gas/oil  system. 

Two  major  financing  scenarios  were  included  in  the  economic  analy¬ 
sis:  one  for  Air  Force  ownership  and  operation  of  the  coal  equipment 
and  one  for  private  ownership  and  operation.  The  economic  assumptions 
used  in  the  LCC  analysis  are  listed  in  Table  3.6  for  both  the  Air  Force- 
and  private-financing  scenarios.  The  primary  differences  between  the 
Air  Force-  and  private-financing  scenarios  are  in  the  way  that  capital 
costs  and  taxes  are  treated.  Pour  of  the  parameters  in  Table  5.6 
(general  inflation,  fuel  escalation,  discount  rate,  and  return  on  in¬ 
vestment)  are  labelled  as  variables.  The  values  used  in  the  LCC  analy¬ 
sis  for  these  four  variables  are  discussed  later  in  Sect.  6.1.2. 


Table  5. 6.  Economic  assumptions  used  in  the  LCC  analysis 


Parameter 

Air  Force 
financing 

Private 

financing 

Project  start  year,  start  of  construction 

1990 

199C 

Construction  period,  year 

1 

1 

Economic  life  of  project,  years 

30 

30 

Salvage  value  at  end  of  economic  life 

0 

0 

Time-dependent  curve  for  maintenance  costs 

U-shaped 

U-shaped 

Inflation  and  discounting  base  year 

1988 

1988 

General  inflation  rate 

Variable 

Variable 

Fuel  real  escalation  rates 

Variable 

Variable 

Real  discount  rate 

Variable 

Variable 

Equity,  percent  of  capital  investment 

Not  applicable 

100% 

Before-tax  real  return  on  investment 

Not  applicable 

Variable 

Amount  of  working  capital,  months 

Not  applicable 

2 

SOYD  depreciation  life,  years 

Not  applicable 

15 

Local  property  tax  and  insurance  rate,  % 

0 

2 

Federal  income  tax  rate,  % 

Not  applicable 

34 

Investment  tax  credits 

Not  applicable 

None 
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5.3.1  Air  Force  Financing 

The  Air  Force-financing  assumpcions  in  Tabic  5.6  can  be  explained 
most  easily  with  Che  aid  of  Che  example  discounted  cash  flow  spreadsheet 
shown  in  Table  5.7.  Coal-fired  boiler  projects  ace  assumed  to  start  at 
Che  beginning  of  1990  with  a  1-year  construction  period.  Coal-firing 
begins  in  1991  and  continues  for  30  years  through  the  end  of  2020.  All 
dollar  amounts  in  the  cash  flow  spreadsheet  are  in  as-spent  thousands  of 
dollars  (k$)  that  are  inflated  from  a  base  year  of  1988.  However,  in 
the  example  in  Table  5.7,  as-spent  thousands  of  dollars  are  actually 
equal  to  constant  1988  thousands  of  dollars  because  the  spreadsheet  was 
calculated  for  zero  general  inflation,  as  is  seen  in  the  "GENERAL  IN¬ 
FLATION  INDEX"  line. 

The  cash  flow  spreadsheet  can  accommodate  fuel  prices  with  escala¬ 
tion  rates  that  differ  from  the  general  inflation  rate  as  is  seen  in  the 
"FUEL  INFLATION  INDEX"  line  of  Table  5.7.  Fuel  inflation  is  calculated 
from  the  same  1988  base  year  as  general  inflation.  The  fuel  costs  shown 
in  Che  "FUEL"  line  are  determined  by  estimating  Che  annual  fuel  cost  in 
the  1988  base  year  and  Chen  multiplying  by  the  fuel  inflation  index  for 
each  year. 

The  maintenance  costs  in  the  "MAINTENANCE"  line  of  the  cash  flow 
spreadsheet  are  treated  in  a  special  way.  The  annual  maintenance  costs 
generated  by  the  cost-estimation  model  are  adjusted  by  the  time- 
dependent  multiplier  shown  in  Fig.  5.3  when  they  are  entered  into  the 
cash  flow  spreadsheet.  The  U-shaped  curve  accounts  for  extra  costs  that 
occur  because  of  infant  failures  during  the  first  3  years  of  heating 
plant  operation  and  old-age  failures  during  Che  last  8  years. 

The  "TOTAL  COST  TO  AIR  FORCE"  line  of  Table  5.7  is  the  sum  of  the 
annual  capital  and  O&M  costs.  The  present  value  of  these  total  costs 
are  calculated  in  the  "DISCOUNTED  AF  TOTAL"  line  by  discounting  back  to 
Che  1988  base  year.  The  LCC  of  the  project  appears  in  the  lower  right- 
hand  corner  of  Che  cash  flow  spreadsheet. 


ORNl.-OWG»497SETD 


5  10  IS  20  25  30 

30  YEARS  OF  OPERATION 

Fig.  5.3.  Time-dependent  multiplier  applied  to  annual  maintenance 
costs. 


5.3.2  Private  Financing 

For  the  private-financing  scenario,  it  was  assumed  thot  the  Air 
Force  will  enter  into  a  31-year  contract  with  a  private  company  to 
purchase,  construct,  operate,  and  maintain  the  coal-fired  boiler  equip¬ 
ment.  The  Air  Force  will  reimburse  the  contractor  directly  for  their 
O&H  costs  and  will  pay  the  contractor  an  annual  fee  for  recovery  of 
their  capital  investment  and  profit.  Hany  of  the  costs  associated  with 
private  financing  are  identical  to  those  for  Air  Force  financing.  The 
differences  between  private  and  Air  Force  financing  are  explained  here 
with  the  aid  of  the  example  discounted  cash  flow  spreadsheet  for  private 
financing  shown  in  Table  5.8. 

The  annual  fee  in  the  "CAPITAL  COST"  line  of  Table  5.8  is  calcu¬ 
lated  using  the  standard  capital  recovery  equation  over  the  30-year 
economic  life  of  the  project  with  a  rate  of  return  on  investment  that 
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will  be  defined  in  SecL.  6.U?.  Ic  was  also  assumed  that  Che  eonttaccor 
incurs  OjiK  coses  (including  fuel  costs)  an  average  of  2  months  before  it 
is  reimbursed  for  them.  The  contractor  is  payed  the  same  rate  of  return 
for  these  2  months  of  working  capital.  The  working  capital  costs  are 
itemised  in  the  "RETURN  ON  WORK  CAP"  Line  of  the  cash  flow  spreadsheet. 

A  private  contractor  must  pay  local  taxes,  insurance,  and  federal 
taxes.  These  costs  are  calculated  in  the  cash  flow  spreadsheet,  but 
they  do  not  affect  the  "TOTAL  COST  TO  AIR  FORCE"  line  of  Table  5.8 
because  it  was  assumed  chat  the  contractor  pays  these  costs  out  of  their 
own  pocket  using  their  return  or  investment.  Local  property  taxes  and 
insurance  arc  Lumped  together,  and  their  annual  cost  was  assumed  to  be 
2Z  of  the  capital  investment.  The  federal  income  tax  calculations  are 
based  on  the  following  assumptions:  (1)  capital  equipment  is  depreci¬ 
ated  over  15  years  using  the  sum-of-the-years  digits  (SOYD)  method  with 
no  salvage  value,  (2)  the  tax  rate  is  3A3!,  and  (3)  the  private  contrac¬ 
tor  is  a  large  company  with  other  sources  of  income  to  balance  any 
negative  income  from  this  project. 

5.3.3  Definitions  of  Figurca-of-Merit 

The  LCC  summary  spreadsheet  lists  the  economic  results  for  the 
existing  gas-/oil-f ired  system  plus  all  13  coal  technologies  with  either 
Air  Force  or  private  financing.  An  example  LCC  summary  spreadsheet  is 
shown  in  Table  5.9.  Three  different  f igures-of-merit  are  presented  in 
the  LCC  summary  spreadsheet:  (1)  LCC,  (2)  benefit/cost  ratio,  and 
(3)  discounted  payback  period.  These  f igures-of-merit  are  defined  and 
discussed  in  this  section. 

Some  of  the  coal  combustion  technologies  that  are  examined  in  this 
report  (such  as  micronized  coal)  are  not  fully  commercialized.  A  word 
of  caution  when  interpreting  the  economic  results  is  that  the  risks  and 
uncertainties  of  these  newer  coal  technologies  have  not  been  penalized 
in  the  economic  analysis  relative  to  the  more  established  coal  tech¬ 
nologies  (such  as  stoker  coal-firing). 

LCC.  The  LCC  of  a  project  is  the  summation  of  the  discounted 
annual  expenditures  over  the  30-year  economic  life  of  the  project.  The 
LCCs  shown  in  Table  5.9  come  from  the  lower  right-hand  corner  of  the 


dlscourited  cash  flow  sprcadshescs.  The  cash  Clou  spreadsheets  are 
executed  numerous  times  In  order  to  £111  Table  5*9.  The  LCC  parameter 
is  calculated  Cor  all  oC  the  proposed  coal-Cired  systems,  as  well  as  the 
existing  gas-Zoil-Cired  system  that  they  would  replace*  tCCs  that  have 
been  inClated  and  discounted  over  a  30-’year  period  can  result  in  dollar 
amounts  that  are  diCCicult  to  comprehend  in  absolute  terms*  It  is  best 
iC  LCCs  are  used  only  Cor  relative  comparisons  between  projects* 

BeneCit/cost  ratio.  The  term  "beneCit'*  is  used  in  this  report  to 
reCer  to  cost  avoidance  (i.e.,  the  cost  oC  continued  operation  oC  an 
existing  system)  rather  than  cost  savings  (I.e.,  the  diCCerence  between 
the  cost  oC  an  existing  system  and  the  cost  o£  a  new  system).  The 
beneCit/cost  ratio  is  chereCore  deCined  as  the  LCC  oC  the  portion  oC  the 
existing  gas/oil  system  that  would  be  displaced  by  coal,  divided  by  the 
LCC  oC  the  proposed  new  coal  system.  In  the  example  LCC  summary  spread¬ 
sheet  in  Table  5.9,  the  numerators  oC  the  beneCit/cost  ratios  are  all 
equal  to  the  LCC  oC  the  natural  gas  boiler,  and  the  denominators  depend 
on  the  coal  technology  and  Cinancing  scenario. 

The  beneCit/cost  ratio  is  the  primary  Cigure-oC-merit  used  in  this 
report  to  interpret  the  economic  results.  In  general,  the  use  oC 
beneCit/cost  ratios  is  not  recommended  when  budget  constraints  are  an 
important  consideration.  However,  the  results  in  this  report  are  not 
intended  to  be  used  Cor  allocating  a  fixed  budget  between  competing 
projects;  the  purpose  instead  is  to  provide  guidance  Cor  planning  Air 
Force  budget  requests  and/or  planning  privatised  projects.  The  use  o£ 
benefit/cost  ratios  ensures  chat  cost-effective  projects  are  not  over¬ 
looked  just  because  they  are  capital  intensive. 

Three  questions  can  be  answered  by  examining  the  benefit/cost 
ratios: 

1.  What  is  the  best  (most  economical)  coal  technology  and  Cinancing 
scenario  at  a  particular  Air  Force  base? 

2.  Which  air  base  has  the  greatest  potential  for  economical  utilization 
of  coal? 

3.  Will  coal  be  more  economical  chan  the  existing  gas  or  oil  fuels? 

The  first  and  second  questions  involve  relative  comparisons  between  two 
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or  more  bcncfic/cosC  racios,  vhllc  the  third  question  depends  only  on 

the  absolute  magnitude  o£  the  beno£it/cost  ratios.  Xn  the  example  in 

table  5«9i  aieronixed  coal  with  Air  Force  Financing  is  the  best  tech^ 

nology  because  it  has  the  largest  benoFit/cost  ratio,  and  it  will  be 

more  economical  than  the  existing  gas  system  because  the  ratio  is  ^ 

greater  than  l.O. 

Discounted  payback  period.  This  parameter  is  defined  as  the  time 
period  (measured  From  the  beginning  o£  construction)  required  For  the 
cumulative  savings  from  a  project  to  pay  back  the  initial  investment  and 
other  cumulative  costs  of  the  project,  taking  into  account  the  time 
value  of  money.  During  the  first  few  years  of  a  coal-fired  boiler  proj¬ 
ect,  the  cumulative  discounted  costs  of  the  coal  system  are  generally 
greater  than  the  cumulative  discounted  costs  of  the  existing  gas/oil 
system  because  of  the  capital  costs  of  the  coal  equipment.  However,  coal 
prices  arc  usually  less  than  gas/oil  prices,  and  the  cumulative  costs  of 
the  coni  system  tend  to  increase  with  time  more  slowly  chan  the  cumula-  * 

cive  costs  of  the  gas/oil  system.  The  discounted  payback  period  is 
defined  as  the  point  in  time  where  the  cumulative  discounted  costs  of 
the  coal  system  fall  below  the  cumulative  discounted  costs  of  the  exist¬ 
ing  gas/oil  system. 

The  discounted  payback  period  is  used  in  this  report  only  as  a 
secondary  figure-of-mcrit  for  the  following  reasons:  (1)  the  discounted 
payback  period  has  no  meaning  in  the  private-financing  scenarios  where 
the  Air  Force  does  not  invest  any  of  their  own  capital,  (2)  Che  dis¬ 
counted  payback  period  will  sometimes  be  undefined  because  it  can  be 
greater  than  the  economic  life  of  Che  project,  and  (3)  an  economic 
evaluation  using  discounted  payback  periods  will  sometimes  be  misleading 
because  it  completely  ignores  the  economic  consequences  beyond  the  pay-  « 

back  period. 
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6.  RESULTS  OE  RAMKIMG  STUDY 

The  cosc-esclmaclon  and  LCC  analysis  models  described  In  Chap.  5 
have  been  used  co  examine  che  economics  oC  coal  ucilizacion  ac  16  Air 

*  Force  facilities.  After  some  further  description  concerning  input 
variables  and  how  the  results  were  obtained,  che  results  are  presented 
and  a  method  of  ranking  the  16  sites  is  discussed.  Some  sensitivity 
analyses  to  key  parameters  have  been  included  to  help  understand  Che 
results  more  thoroughly. 

6.1  VALUES  OF  IRPUT  VARIABLES 

The  input  parameters  for  Che  cost-estimation  model  and  LCC  model 
are  defined  and  described  in  Chrp.  5.  The  numerical  values  used  in  this 
study  for  the  parameters  that  vary  from  site  to  site  arc  summarized 

•  here. 

6. 1. 1  Coat-EsCiMLion  Variables 

m 

A  list  of  input  parameters  for  che  cost  model  is  provided  in 
Table  5.3.  Numerical  values  ace  given  in  the  table  for  eight  of  the 
parameters.  The  remaining  parameters  that  are  labeled  as  variables  are 
discussed  further  in  ''his  section. 

Important  assumptions  that  define  Che  coal-conversion  projects 
examined  in  this  study  are  summarized  for  each  Air  Force  site  in 
Table  6.1.  The  number  of  boilers  for  refit  and  total  output  capacity 
chosen  for  each  project  were  found  through  optimization  as  discussed  in 
Sect.  5.2.1.  The  expected  capacity  factor  is  dependent  on  this  chosen 

.  output  capacity  and  the  heating  load  of  each  boiler  plant.  Also  listed 

is  the  need  for  active  SOj  removal,  which  has  been  determined  from  the 
sulfur  content  of  available  coals  (Sect.  4.1)  and  applicable  local 
environmental  regulations  (Sect.  4.2).  Active  SO2  removal  was  found  to 
be  required  at  6  of  the  16  sites. 

The  existing  boiler  design  is  also  listed  in  Table  6.1  and  was  used 
to  determine  what  boiler  modifications  are  needed  for  refit  technologies 
and  whether  derating  of  a  refitted  boiler  is  necessary.  Boiler  modifica¬ 
tions  were  determined  as  explained  in  Sect.  5.1.3,  using  Tables  5.4  and 


Table  6.1.  Coal-conversion  project  definition  parameters 
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5. 5  as  a  guide.  Boiler  derating  was  assumed  to  be  necessary  at  four 
sites;  three  were  derated  simply  because  they  were  No.  2  oil-designed 
units,  and  the  boiler  at  Pease  APB  was  assumed  to  be  derated  to  avoid 
SOj  emission  regulations  (discussed  in  Sect.  5.2.1).  Many  details  about 
each  individual  site  are  summarised  in  the  Appendix. 

The  current  prices  for  fuels  used  in  the  study  arc  listed  in  the 
main  tables  that  summarize  the  results  (Tables  6.3  and  6.5  of  Sect. 

'•  6.2).  Oil  and  coal/water  slurry  prices  do  not  vary  from  site  to  site, 

as  discussed  in  Sect.  5.1.3,  while  natural  gas,  ROM  coal,  and  stoker 
coal  prices  do  vary  from  site  to  site.  One  note  about  coal  prices  is 
that  the  prices  used  in  the  analysis  for  Blmendorf  AFB  and  Pease  AFB  are 
optimistic.  The  coal  prices  quoted  for  Blmendorf  arc  from  a  new  company 
that  is  not  yet  in  operation.  If  this  new  coal  is  not  available  in  the 
future,  then  coal  would  have  to  be  purchased  at  a  much  higher  price  from 
the  only  coal  supplier  near  Blmendorf  that  is  currently  in  operation. 

•  The  coal  prices  quoted  fer  Pease  are  based  on  inexpensive  rail  delivery; 
however,  higher-cost  truck  delivery  may  be  necessary  because  the  rail 
connection  to  Pease  is  scheduled  for  removal. 

The  remaining  input  variables  that  have  not  been  defined  are  the 
price  of  electricity  and  the  coal  properties  (higher  heating  value,  ash 
content,  and  sulfur  content).  Values  were  determined  for  these  parame¬ 
ters  for  each  of  the  16  Air  Force  sites  and  can  be  found  in  the  informa¬ 
tion  summaries  in  the  Appendix. 

6.1.2  Economic  Variables 

Many  of  the  economic  assumptions  made  for  the  LCC  analysis  arc 
discussed  in  Sect.  5.3,  and  the  input  parameters  to  the  LCC  model  are 

•  listed  in  Table  5.6.  Four  key  economic  variables  are  discussed  further 
here  because  of  their  potential  importance  to  the  study. 

General  inflation.  General  inflation,  which  is  a  loss  in  the  buy- 
ing  power  of  money,  is  an  input  variable  to  the  LCC  model.  General 
inflation  is  often  thought  of  as  being  very  important  in  an  economic 
analysis.  However,  general  inflation  has  no  effect  on  the  LCC  results 
for  Air  Force-financed  projects,  if  the  actual  discount  rate  is  also 
inflated  to  maintain  a  constant  real  discount  rate.  Although  inflation 


does  have  a  minor  e£fecc  on  the  LCC  results  for  privately  financed 
projects,  the  general  inflation  rate  was  assumed  to  be  zero  in  this 
study.  The  effect  of  this  assumption  la  that  all  future  values  in  the 
cash  flow  spreadsheets  will  be  In  constant  dollars,  as  Is  required  by 
federal  guidelines.*® 

Discount  rate.  Federal  guidelines  specify  chat  a  real  discount 
rate  of  lOZ  should  be  used  for  the  evaluation  of  projects  Chat  are  not 
primarily  for  energy  conservation.*®  For  most  of  this  study,  an  actual 
discount  rate  of  lOZ  was  used,  which  is  equivalent  to  a  real  discount 
rate  of  lOZ  because  of  the  assumption  of  zero  general  inflation.  A  7Z 
discount  rate  is  also  examined  in  Sect.  6.3.2  to  determine  Che  sensi¬ 
tivity  of  the  results  to  the  discount  race. 

Rate  of  return  on  investment.  A  representative  rate  of  return 
(ROR)  on  investment  is  needed  for  evaluation  of  privately  financed  proj¬ 
ects.  A  before-tax  ROR  of  17Z  was  selected.  Based  on  the  local  and 
federal  tax  assumptions  shown  in  Table  5.6,  this  translates  to  an  after¬ 
tax  ROR  of  about  12Z. 

Fuel  escalation.  Because  the  results  of  the  LCC  analysis  were 
found  to  be  very  sensitive  to  the  assumed  fuel  escalation  rates,  and 
because  fuel  escalation  projections  are  so  highly  subject  Co  question, 
three  separate  fuel  escalation  scenarios  have  been  examined. 

One  sec  of  fuel  escalators  was  derived  from  a  DOD  memo  that  gives 
guidelines  for  energy-dependent  economic  analyses. 3  The  DOD  escalators 
are  based  directly  on  Che  report  Annual  Enexgy  Outlook  1986,  published 
by  the  Energy  Information  Administration  (EIA)  of  DOE.**  Fuel  escalation 
projections  are  tabulated  in  the  DOD  memo  and  the  1986  EIA  report  for 
distillate  oil,  residual  oil,  natural  gas,  and  coal,  for  both  commercial 
and  industrial  sectors,  in  ten  different  regions  of  the  United  States. 
For  Che  LCC  analysis  in  this  report,  it  was  assumed  that  the  industrial 
fuel  escalation  rates,  averaged  over  all  ten  regions  of  the  United 
States,  are  applicable.  Also,  distillate  and  residual  oils  were  assumed 
to  escalate  at  the  same  rate  (equal  to  an  average  of  Che  escalation 
rates  for  distillate  and  residual  oils). 

The  1986  study  by  the  RIA  includes  projections  only  to  the  year 
2000.  The  DOD  escalation  tables  were  extended  to  the  year  2017  by 
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assuming  thac  the  1986  EIA  escalation  projections  £or  the  years 
1996-2000  (escalation  rates  for  each  fuel  are  constant  during  this 
5-year  period)  would  remain  constant  through  the  year  2017.  For  the  LCG 
analysis  in  this  report,  the  30-ycar  economic  life  ends  in  the  year 
2020;  therefore,  the  same  escalation  rates  were  assumed  to  apply  all  the 
way  to  the  year  2020.  The  DOD  escalation  scenario  just  described  is 
referred  to  as  the  "nominal  values"  case  for  fuel  escalation.  These 
escalation  rates  are  shown  in  Table  6.2.  For  this  "nominal  values" 
case,  gas  and  oil  prices  escalate  at  rather  high  rates  relative  to  the 
price  of  coal,  which  will  enhance  the  economic  outlook  of  coal  projects. 


Table  6.2.  Fuel  escalation  scenarios 


Fuel 

Real  escalation  rate 
(Z/year) 

1988-1990 

1990-1995 

1995-2000 

2000  and 
beyond 

Gas 

3.89 

Nominal  values 

8.87 

-  case 

5.77 

5.77 

Oil 

A. 86 

7.87 

A. 16 

A.  16 

Goal 

1.16 

2.31 

1.19 

1.19 

Gas 

2.28 

"AEO  1987-  case 

A. 70  5.A9 

2.75 

Oil 

0.17 

A. 16 

5.55 

2.n 

Goal 

1.A6 

1.76 

1.61 

0.81 

Gas 

0 

Zero  case 

0 

0 

0 

Oil 

0 

0 

0 

0 

Goal 

0 

0 

0 

0 

A  second  fuel  escalation  scenario  was  developed  from  the  updated 
Annual  Energy  Outlook  1987  report. 5  Because  the  updated  1987  report 
also  does  not  include  any  escalation  projections  beyond  the  year  2000, 
an  author  of  the  report  was  contacted  and  asked  to  recommend  the  best 
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assumptions  during  that  time  period.  The  opinion  received  was  that  the 
forces  causing  high  oil  and  gas  price  escalation  during  the  1995-2000 
period  will  weaken  significantly  in  years  beyond  2000.  To  simulate 
reduced  pressure  on  fuel  prices  for  years  beyond  2000,  it  was  assumed 
that  each  fuel  escalates  at  one-half  the  projected  rate  for  the 
1995—2000  period.  This  set  of  escalators  will  be  referred  to  as  the 
"AEO  1987"  fuel  escalators.  The  precise  values  used  for  fuel  escalation 
are  given  in  Table  6,2.  The  "AEO  1987"  escalators  lie  approximately 
midway  between  the  "nominal  values"  escalators  and  the  third  escalation 
scenario  of  zero  fuel  escalation. 

6.2  RAMKING  BV  BENEFIT/ COST  RATIO 

The  16  Air  Force  base  heating  plants  have  been  ranked  according  to 
the  benefit/cosc  ratio  (sec  Sect,  5.3.3  for  definition).  Six  economic 
scenarios  were  examined:  three  separate  sets  of  assumptions  for  fuel  • 

escalation  were  considered,  and  both  Air  Force  ownership  and  private 
ownership  were  examined.  The  economic  ranking  results  for  the  six 

w 

scenarios  are  summarized  in  Tables  6.3  through  6.7.  These  rankings  are 
discussed  in  the  following  sections. 


6*2.1  Air  Force  Financing  and  Ownership 

h  summary  of  the  coal-conversion  projects  examined  assuming  Air 
Force  ownership  is  given  in  Table  6.3.  All  of  the  coal  combustion  tech- 
I  logics  that  were  evaluated  at  each  of  the  16  sites  are  included  in  the 
table.  The  149  potential  coal  projects  are  ranked  according  to  the 
first  column  of  benefit/cosc  ratios  that  were  calculated  for  the  "nomi¬ 
nal  values"  of  the  economic  parameters.  The  list  of  coal  projects  for 
each  Air  Force  site  is  ordered  so  that  the  highest  benefit  (most  attrac¬ 
tive)  option  appears  first  and  the  lowest  benefit  option  appears  last. 
The  Air  Force  sites  are  ordered  in  Table  6.3  according  to  the  benefit/ 
cost  ratios  of  the  best  coal  technology  at  each  base. 

Table  6.4  summarizes  the  most  attractive  coal  technology  at  each 
base  for  the  three  fuel  escalation  scenarios.  Micronized  coal  refit  is 


Tat(l«  6-3*  Air  rorea-flnanclns  r««uU«  vUh  ranking  according  (o  "nonlnal  valuta' 


Saaa  Current 
(Kajor  luel  and 
cowiand)  price 

Rank 

Coal 

TecHnology 

T«chnolog:r 

Coal 

price 

(S/KStu) 

8enelU/eoit  ratio 

Paraaetera 
"  noalnal 
valuea 

Fuel  real 
eaealatlon 
«  A£0  1987 

Fuel  real 
eaealatlon 
^  sere 

Relit 

New 

Arnold  (latural  gaa 

1 

Hlcronlted 

X 

■SI 

BVI'HI 

■SB 

1.191 

(Arse)  $J.97/HStu 

2 

Slagging 

X 

1.08$ 

3 

rac  relit 

X 

■SSH 

1.064 

4 

Pkg.  atoker 

I.8II 

1.367 

I.OCS 

fotenelal  coal  v^e  « 

5 

rkg.  ric 

1.802 

1.359 

0.99* 

cona/year 

8 

Field  atoker 

1.756 

1.325 

0.971 

11 

field  rsc 

1.732 

1.306 

0.949 

12 

Pulverised 

1.702 

1.282 

0.930 

13 

Clre.  rtC 

1.649 

1.242 

0.900 

14 

Coal/vater 

X 

H 

■SI 

1.646 

1.246 

0.946 

18 

Caalfier 

X 

■ 

masM 

1.612 

1.216 

0.896 

Kelly  Natural  gaa 

6 

rkg<  atoker 

X 

1.98 

1TT98 

1.369 

1. 022 

(ArLC)  SA.OO/KStu 

7 

Pkg.  FIC 

X 

1.87 

1.760 

1.339 

0.995 

16 

Field  atoker 

X 

1.98 

1.643 

1.249 

0.925 

19 

Field  FBC 

X 

1.87 

1.565 

1.205 

0.897 

rotenilal  coal  uae  ^ 

24 

Pulverised 

X 

1.87 

1.553 

1.181 

0.867 

l6tOIA  cona/year 

25 

Coal/water 

X 

3.00 

1.545 

1.179 

0.900 

32 

Clre.  FBC 

X 

1.87 

1.522 

1. 157 

C.849 

Xinot  Natural  gaa 

9 

Xtcronlsed 

X 

1.40 

1T?4J 

1.346 

1.018 

(SAC)  S).60/HStu 

20 

Slagging 

X 

1.48 

1.577 

1.219 

0.917 

21 

Pkg.  FBC 

X 

1.48 

1.570 

1.214 

0.915 

22 

Stoker  relic 

X 

1.87 

1.564 

1.210 

0.923 

fotentlal  coal  uae  » 

27 

FBC  relit 

X 

1.48 

1.539 

1.189 

0.894 

I2«I76  tona/year 

30 

Pkg.  atoker 

X 

1.87 

1.525 

UI80 

0.899 

51 

Caailler 

X 

1.87 

1.421 

1.100 

0.840 

60 

Field  FBC 

X 

1.48 

1.369 

1.058 

0.791 

63 

Field  atoker 

X 

1.87 

1.362 

1.053 

0.795 

67 

Coal /water 

X 

3.00 

1.357 

1.053 

(1.823 

74 

Nlverlsed 

X 

1.48 

1.329 

1.026 

0.766 

82 

Clre.  FBC 

X 

1.48 

1.314 

1.01$ 

0.757 

Koblna  Natural  gaa 

~To“ 

Nlcroniaed 

X 

iTT) 

1.73? 

1.330 

I.C03 

(Aric)  S3.i9/Hatu 

40 

Pkg.  FBC 

X 

1.77 

1.470 

1.124 

0.842 

42 

Pkg.  atoker 

X 

1.99 

1.463 

1.119 

0.644 

50 

Field  atoker 

X 

1.99 

1.426 

1.091 

0.818 

Potential  coal  uae  <• 

54 

Field  FBC 

X 

1.77 

1.410 

1.077 

0.602 

17,2(6  tona/year 

58 

Pulverised 

X 

1.77 

1.383 

1.057 

0.785 

68 

Ccal/uater 

X 

3.CO 

1.357 

1.041 

0.808 

69 

Clre.  FBC 

X 

1.77 

1.349 

1. 031 

0.765 

KeCulre  Natural  gaa 

15 

llicrontxed 

X 

1.09 

1.643 

1.264 

0.950 

(KAC)  $4.00/KBtu 

33 

Pkg.  FBC 

X 

1.69 

1.513 

1.163 

0.873 

34 

Slagging 

X 

1.89 

1.510 

1.161 

0.869 

35 

FBC  relit 

X 

1.89 

1.496 

1.150 

0.661 

Potential  coal  uae  • 

55 

Coal /water 

X 

3.00 

1.407 

1.085 

0.836 

13,217  cona/year 

62 

Field  FBC 

D 

1.364 

1.048 

0.781 

76 

Stoker  relic 

X 

II 

1.324 

1.0:9 

0.757 

81 

Clre.  FBC 

1.316 

1.009 

0.750 

87 

Pkg.  atoker 

H 

1.299 

0.999 

0.752 

112 

Caailler 

X 

H 

1.236 

0.951 

0.719 

119 

Field  atoker 

WM 

1 '  B 

1.199 

0.921 

0.689 

128 

t’ulverlted 

X 

1.B9 

1. 173 

0.901 

0.667 

Crand  Forka  Ko>  6  oil 

17 

Hlcronlzed 

X 

■ 

1.632 

1.345 

1.057 

(SAC)  S3.67/HBtu 

37 

Slagging 

X 

1.485 

1.223 

0.957 

38 

Pkg.  FBC 

D 

■  II 

1.483 

1.221 

0.956 

41 

Stoker  relic 

X 

■1 

1.469 

1.211 

0.962 

Potential  coal  uae  • 

43 

FBC  relic 

X 

1.48 

1.456 

1.199 

0.933 

13,495  cona/year 

46 

Pkg.  stoker 

X 

1.87 

1.434 

1.183 

0.938 

85 

Field  FBC 

X 

1.46 

1.303 

1.072 

0.834 

86 

Caailler 

X 

1.87 

1.072 

0.851 

94 

Field  ccoker 

X 

1.87 

1.292 

1.064 

0.837 

98 

Pulverised 

X 

1.48 

1.269 

1.044 

0.811 

104 

Coal/water 

X 

3.00 

1.258 

1.040 

0.846 

lOB 

Clre.  FBC 

X 

1.48 

1.247 

1.026 

0.797 
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Base  rtirrent 
(HajMt  (oeli  and 
cfinaand)  price 

!lanV 

Coal 

tachnnlngy 

Tech*  lagy 

tvre 

Coal 

price 

(S/H9ew) 

Penellt/cost  ratio 

Faraneiero 
•  noninal 
values 

Fuel  real 
escalation 
•  AEO  1987 

Fuel  real 
escalation 
»  aero 

Relic 

tttv 

flaetsbur^h  fh,  6  ell 

2) 

Hleronlaeti 

X 

1.97 

1.362 

1.281 

t.OII 

(SAC)  S).67/HB(u 

43 

Slagging 

X 

1.97 

1.440 

1.150 

0.926 

4S 

pkg.  rnc 

X 

1.97 

1.431 

1.172 

0.923 

32 

PBC  relit 

X 

1.97 

1.418 

1.162 

0.912 

recenilal  coal  use  •* 

63 

rag*  stoker 

X 

2.46 

1.337 

1.113 

0.867 

I6t}39  cons/year 

91 

Cosl/uater 

X 

3.09 

1.293 

1.062 

0.839 

93 

field  nc 

X 

1.97 

1.286 

1.033 

0.821 

101 

Pulverised 

X 

1.97 

1.263 

1.034 

0.804 

107 

Field  etoker 

X 

2.46 

1.248 

1.023 

0.808 

113 

Clre.  me 

X 

1.97 

1.231 

1.097 

0.783 

121 

Caslller 

X 

2.44 

1.196 

0.981 

0.781 

rease**  ^‘4tural  gas 

24 

MlcrenUed 

X 

2.07 

1.340 

M96 

0.917 

(SAC)  tl.aO/KBcu 

37 

Slagging 

X 

2.07 

1.390 

1.079 

0.822 

61 

Coal/u4ter 

X 

3.00 

1.369 

1.066 

0.834 

64 

FBC  relic 

X 

2.07 

1.339 

1.033 

0.894 

reienelal  coal  use  ■* 

109 

pkg.  me 

X 

2.07 

1.266 

0.983 

0.747 

1).0S7  tons/year 

no 

Pkg.  etoker 

X 

2.36 

1.243 

0.968 

0.744 

120 

field  rsc 

X 

2.07 

1.198 

0.939 

0.703 

122 

field  etoker 

X 

2.36 

1.193 

0.928 

0.709 

129 

Pulverised 

X 

2.07 

1.170 

0.998 

133 

Clre.  FBC 

X 

2.07 

1.134 

0.889 

0.664 

139 

Caatller 

X 

2.34 

1.110 

0.843 

0.663 

Tinker  Natural  gas 

29 

Field  rac 

X 

1.4(1 

1.332 

I.I3I 

0.840 

(AfLC)  sf.umtu 

31 

Pkg.  FBC 

X 

1.68 

1.323 

1.14$ 

0.839 

44 

Clre.  FBC 

X 

1.68 

I.4SI 

1.099 

0.793 

72 

Pulverised 

X 

I.6B 

1.337 

1.094 

0.727 

retentlal  coal  use  • 

79 

Field  stoker 

X 

1.99 

1.317 

0.990 

0.723 

41,6S2  toni/yesr 

89 

Pkg.  stoker 

X 

1.99 

1.290 

0.976 

0.717 

103 

CnalAuacer 

X 

3.00 

1.232 

0.94$ 

0.717 

Cleenderl^  Kacural  gas 

29 

Hleronlsed 

X 

1.63 

M27 

1.146 

0.831 

(AAC)  $2.0S/KBtu 

36 

Slagging 

X 

1.63 

1.403 

1.037 

0.773 

39 

FBC  relit 

X 

1.63 

1.379 

1.034 

0.762 

% 

75 

Field  FBC 

X 

1.63 

1.326 

0.994 

0.729 

fetentlsl  coal  use  • 

109 

Clre.  FBC 

X 

1.63 

1.247 

0.934 

0.681 

ISA)37A  cons/year 

US 

Pkg.  FBC 

X 

1.43 

1.221 

0.915 

0.669 

127 

Pulverised 

X 

1.63 

1.174 

0.879 

0.639 

141 

Stoker  relit 

X 

2.16 

I.IGO 

0.826 

0.613 

143 

Field  stoker 

X 

2.16 

1.064 

0.798 

0.590 

147 

Co4l/u4Cer 

X 

3.09 

I.OlO 

0.760 

148 

Pkg.  stoker 

X 

2.16 

0.979 

0.734 

0.341 

149 

Caslller 

X 

2.16 

O.R49 

0.434 

0.448 

Hill  Natural  gas 

“TT" 

Pkg.  FBC 

X 

1.29 

fT455 

1.141 

0.848 

(AfLC)  $2.97/H8tu 

53 

Field  FBC 

X 

1.20 

1.414 

1.083 

0.803 

71 

Clre.  FBC 

X 

1.20 

1.338 

1.024 

0.738 

88 

Pkg.  stoker 

X 

1.30 

1.298 

0.994 

Potential  coal  use  « 

103 

Field  stoker 

X 

1.39 

1.240 

0.967 

0.716 

S3,S60  tons/year 

123 

Pulverised 

X 

1.20 

1.190 

0.913 

0.472 

139 

Cosl/vater 

X 

3.00 

l.lin 

0.833 

0.641 

State  Katiiral  gas 

39 

Pkg.  FBC 

X 

1.24 

1.473 

I.I4I 

0.854 

(HAC)  $3.«0/HBtu 

66 

Pkg.  stoker 

X 

1.26 

1.337 

l.«51 

0.783 

78 

Field  FBC 

X 

1.24 

1.122 

1.023 

0.742 

93 

Clre.  FBC 

X 

1.24 

1.292 

l.UOil 

0.744 

Potential  coal  use  ■ 

111 

Coal/vacer 

X 

l.liO 

1.243 

0.946 

0.750 

I3|71l  tons/year 

114 

Field  scuker 

X 

1.26 

1.231 

0.952 

0.709 

134 

Pulverlred 

X 

1.24 

1.141 

0.8B2 

0.434 

51 
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Saao  Currant 
(Kajor  fuel  and 
coaMnd)  price 

ttanV 

Coal 

technology 

Technology 

_ _ 

Coal 

price 

(S/KBtu) 

Beneflt/eoat  ratio 

rarantcera 
"  noalnal 
valuei 

Fuel  real 
eeealaclon 
«  ACO  1987 

Fuel  real 
eacalatlon 
«  aero 

Refit 

Nev 

Dover  t>o>  6  ell 

47 

Klcronlsed 

X 

1.84 

1.434 

1.188 

0.947 

(KAC)  $3.67/KBtu 

77 

Stoker  refit 

X 

2.19 

1.J24 

1.096 

0.882 

83 

Slagging 

X 

1.84 

1.308 

1.083 

0.859 

84 

rieg.  FBG 

X 

1.64 

1.304 

1.080 

0.858 

recent  U1  coal  uae  •• 

92 

Fkg,  atoker 

X 

2.19 

1.292 

1.071 

0.860 

t2,468  cont/year 

96 

FBC  refit 

X 

1.84 

1.265 

1.064 

0.843 

117 

Coal/vater 

X 

3.00 

1.216 

1.010 

0.826 

130 

Field  ftoker 

X 

2.19 

1.164 

0.964 

0.767 

131 

Field  FBC 

X 

1.84 

1.153 

0.954 

0.752 

132 

Caalfier 

X 

2.19 

1.143 

0.947 

0.760 

137 

rulverUed 

X 

1.84 

1.127 

0.932 

0.733 

142 

Clre.  FBC 

X 

1.84 

1.100 

0.910 

0.715 

Andreva  h'o>  6  oil 

49 

Klcrontaed 

X 

1.84 

1.431 

1.185 

0.945 

(KAC)  $3.67/HBcu 

80 

Stoker  refit 

X 

2.19 

1.315 

1.091 

0.877 

90 

Slagging 

X 

1.84 

1.296 

1.074 

0.651 

97 

FIC  refit 

X 

1.84 

1.269 

1.051 

0.833 

Focentlal  coal  uae  •> 

118 

Coal/vater 

X 

3.00 

1.211 

1.006 

0.323 

12,935  toni/year 

124 

rkg.  FK 

X 

1.84 

1.182 

0.979 

0.775 

125 

Fkg,  atoker 

X 

2.19 

1.179 

0.977 

0.780 

133 

Field  atoker 

X 

2.19 

1.142 

0.946 

0.752 

136 

Field  FBC 

X 

1.84 

1.130 

0.935 

0.737 

140 

Pulverlted 

X 

1.84 

1.102 

0.912 

0.717 

144 

Clrc.  FBC 

X 

1.84 

1.074 

0.889 

0.699 

146 

Caalfier 

X 

2.19 

1.061 

0.879 

USAF  Acad.  Katural  gaa 

70 

rkg.  FBC 

X 

1.17 

1.339 

1.038 

0.784 

(USAFA)  $2.S6/K>tu 

73 

Fkg,  atoker 

X 

1.45 

1.333 

1.035 

0.790 

102 

Field  atoker 

X 

1.45 

1.262 

0.979 

0.743 

106 

Field  FIC 

X 

1.17 

1.252 

0.970 

0.729 

rotentlal  coal  uae  •• 

116 

rulverltid 

X 

1.17 

1.220 

0.945 

0.709 

24,992  tona/year 

126 

Clrc.  FIC 

X 

1.17 

1.179 

0.913 

0.685 

143 

Coal/vater 

X 

3.00 

1.091 

0.850 

0.675 

llanaeoa  No,  6  oil 

99 

Coal/vater 

X 

3.00 

1.267 

1.035 

0.828 

(Arse)  S3.i7/Kltu 
foctntUl  eoAl  ui«  • 
20|tA]  ton«/y«Ar 


°t.CC  f««uUt  for  rcAio  My  b«  opclalocte  b«cAU««  of  <tu«ictonAblo  accom  co  lnei((>«n(tve  rotl 
liollvery  for  coal. 

^LCC  rciuUo  for  Cleomiorf  my  b«  opclaiatle  bocauio  of  i)u<tclonabl«  AVatlAbUtty  of  ln<xp«n«tve 


coal 


Table  6.4.  Summary  of  Air  Force-financing  results  for  best  coal  technologies 
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the  lowest-cost  option  at  most  o£  the  bases  (10  of  16)«  At  the  remain¬ 
ing  six  bases  (Kelly,  Tinker,  Hill,  Scott,  USAF  Academy,  and  Hanscora), 
micronized  coal  and  the  other  'dry  coal  refit  technologies  were  not 
evaluated  because  of  space  limitations  inside  and  near  the  existing 
heating  plants.  The  lowest-cost  options  at  these  six  bases  arc  either 
coal/water  slurry  refit  or  one  of  the  replacement  boiler  technologies. 

It  is  observed  from  Table  6. A  that  Arnold  is  ranked  first  in  each 
case.  The  sites  ranked  2  through  7  include  Kelly,  Hinot,  Robins, 
McGuire,  Grand  Porks,  and  Plattsburgh  in  each  case,  although  the  respec¬ 
tive  order  changes.  Beyond  the  cop  seven  sices,  it  is  somewhat  more 
difficult  to  generalize. 

The  most  basic  issue  that  needs  to  be  addressed  is  whether  coal 
will  be  more  economical  than  the  existing  gas  or  oil  fuels.  The  results 
in  Table  6. A  indicate  that  the  answer  to  this  question  depends  strongly 
on  the  fuel  escalation  assumptions.  For  the  "nominal  values"  case  of 
fuel  escalation,  coal  appears  to  be  a  good  choice  at  all  of  the  bases 
because  all  of  the  benefit/cost  ratios  arc  significantly  >1.0.  For  the 
zero  fuel  escalation  case,  most  of  the  bases  have  benefit/cost  ratios 
chat  are  <1.0,  and  at  the  bases  that  do  have  benefit/cost  ratios  >1.0, 
the  savings  in  gas  or  oil  costs  may  not  be  significant  enough  to  justify 
conversion  to  coal. 

6.2.2  Private  Financing  and  Ownership 

The  same  type  of  analysis  presented  above  for  the  Air  Force-owner¬ 
ship  cases  is  repeated  here  for  the  private-ownership  scenarios.  Tables 
6.5  and  6.6  summarize  these  results.  It  was  found  that  the  ranking  of 
the  sites  is  very  similar  to  the  previously  discussed  Air  Force-owner¬ 
ship  cases.  Again,  it  is  observed  that  Arnold  is  ranked  first  in  each 
case.  The  sites  ranked  2  through  7  include  Kelly,  Robins,  Minot, 
McGuire,  Grand  Forks,  and  Plattsburgh. 

When  the  private-financing  results  in  Table  6.6  are  compared  to  the 
Air  Force-financing  results  in  Table  6. A,  it  appears  chat  Air  Force 
financing  is  more  attractive  because  the  benefit/cost  ratios  are  all 
slightly  greater  chan  chose  for  private  financing.  This  conclusion  is 
contrary  to  the  common  bel  ief  that  a  private  company  can  work  less 


54 


Table  frlvace-flnAtclng  retuUe  uUh  ranVln^  «ccor<]ln^  to  “noelRal  values'* 


la«e  Current 
(Major  (uel  and 
eosaand)  price 

Rank 

Coal 

technology 

Technology 
_ yfce _ 

Coal 

price 

($/MBij) 

Bensflt/rnst  ratio 

Parasecers 
••  noulnal 
values 

Fuel  real 
escalation 
-  AE9  1987 

Fuel  real 
escalation 
•  tero 

Relit 

t:eu 

Arnold  N'aturol  gae 

1 

MIrronlaed 

X 

1.75 

I.9S6 

I.S6d 

1.077 

(Arse)  S3.97/Katu 

2 

SUgglng 

X 

1.75 

1.717 

1.294 

0.942 

3 

nc  rafU 

X 

1.75 

1.663 

I.25S 

0.912 

3 

rkg.  stoker 

X 

1.97 

1.597 

I.20S 

0.882 

rotentlol  coal  use 

8 

rkg.  nc 

X 

1.75 

1.552 

M69 

0.849 

2)(b^}  tens/rear 

19 

Coal/uater 

X 

3.09 

1.526 

M55 

0.872 

ll 

Field  stoker 

X 

1.97 

I.S87 

1.121 

0.815 

U 

Field  riC 

X 

1.75 

I.S9t 

1.092 

0.788 

17 

Fulverlxed 

X 

1.75 

1.SI7 

1.067 

0.768 

18 

Caslder 

X 

1.97 

I.SI6 

1.068 

0.782 

73 

Cl  re.  me 

X 

1.75 

1.333 

1.018 

0.732 

Kelly  .vatural  gas 

4 

Tkg.  stoker 

X 

ITs? 

1.608 

TTHi 

0.9H9 

(Aric)  jA.e«/H«tu 

8 

pk-5.  rsc 

X 

1.67 

I.SS5 

1.175 

0.868 

16 

Ceal/uator 

X 

3.00 

I.SI9 

1.082 

0.822 

M 

Field  stoker 

X 

1.96 

I.39S 

1.063 

0.781 

retentlal  ceal  use  •• 

27 

Field  F8C 

X 

1.87 

1.017 

0.744 

t6|0lt  tiins/year 

31 

rulverlted 

X 

1.87 

1.396 

•3.992 

0.724 

S3 

cir.-.  rsc 

X 

1.8? 

l.3&t 

0.960 

0.700 

Robins  natural  gas 

6 

Hlrronlaed 

X 

1.77 

I.5C6 

1.213 

0.911 

(AfLC)  S).l9/)tlltu 

IS 

fkg.  atnker 

X 

1.99 

I.29S 

0.989 

0.741 

S) 

rkg.  FBC 

X 

1.77 

1.274 

0.97S 

0.724 

S7 

Ceal/uater 

X 

3.09 

1.262 

0.968 

0.748 

recent  tal  coal  use 

37 

Field  stoker 

X 

1.99 

1.213 

0.927 

0.690 

17|268  tens/year 

6) 

Field  F8C 

X 

1.77 

1.U6 

n.fUJb 

0.669 

79 

rulverUed 

X 

1.77 

1.157 

0.883 

0.651 

89 

Clrr.  FSC 

X 

1.77 

I.MS 

0.850 

0.626 

Mlnet  Katural  gas 

7 

nteronised 

X 

I.SB 

1.567 

I.2II 

0.912 

(SAC)  $).6e)/Kntu 

19 

Stoker  re? It 

X 

1.87 

1.398 

1.082 

Q.82I 

21 

Slagging 

X 

i.SS 

1.360 

1.050 

0.786 

24 

rkg.  TfJC 

X 

I.S8 

1.353 

1.045 

0.784 

retentlal  coal  use  « 

26 

rkg.  stoker 

X 

1.87 

I.3S9 

I.0S3 

0.790 

11,176  tens/year 

31 

F»C  refit 

X 

I.S8 

1.308 

I.OII 

0.756 

59 

Coal/uater 

X 

3.00 

I.2S9 

0.969 

0.754 

32 

Caslder 

X 

1.87 

I.2S7 

0.963 

0.732 

78 

Floiw  '*oker 

X 

1.87 

MSI 

0.882 

0.661 

81 

Field  F8C 

X 

I.S8 

1.131 

0.873 

0.649 

95 

Pulverised 

X 

I.SB 

1.093 

o.nss 

0.626 

197 

Clrr.  me 

X 

I.SB 

1.063 

0.610 

HCCulre  Kacural  gas 

li 

•Mc^onlsed 

X 

M 

1.462 

i.tso 

O.B54 

(MAC)  S*.W/M#tu 

29 

Pkg.  FBC 

H 

1.314 

I.OiO 

0.754 

30 

Slagging 

X 

1.89 

1.314 

1.009 

0.752 

36 

Coal/water 

X 

3.00 

1.290 

0.994 

0.763 

retentlal  coal  use  • 

sa 

FBC  redt 

X 

1.89 

1.285 

0.987 

0.735 

13,217  tons/year 

66 

Stoker  redt 

X 

2.25 

1.175 

0.903 

0.677 

76 

Field  FSC 

X 

1.89 

M43 

0.878 

77 

Pkg.  stoker 

X 
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expensively  Chen  ihc  governmenc.  In  che  LCC  analysis,  the  private*- 
financing  scenarios  were  not  given  any  special  treatment.  Because  of  a 
lack  of  better  information,  it  was  assumed  chat  a  private  company  would 
have  to  invest  che  same  amount  of  capital  as  the  Air  Force  and  incur  the 
same  O&M  costs.  Private  financing  is  therefore  more  expensive  because 
Che  private  company  must  also  be  payed  a  profit. 

6.2.3  Overall  Observations 

Some  meaningful  observations  can  be  made  by  examining  the  results 
for  all  six  of  the  economic  scenarios  in  Table  6.7.  The  top  candidate 
for  ccal  utilization  is  Arnold.  Kelly,  Grand  Forks,  Minot,  Robins, 
Plattsburgh,  and  McGuire  are  ranked  2  through  7  for  all  six  scenarios. 
Certain  sites  Chat  do  not  appear  above  a  ranking  of  11  for  any  case 
include  Che  UBAP  Academy,  Hanscom,  Hill,  and  Scott. 
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Table  6.7.  Sutnmary  o£  ranking  results  for 
Air  Force  and  private  financing 


Base 

Rank  for  Air  Force 
financing 

Rank  for  private 
financing 

Average 

rank 

Kominal 

AEO 

Zero 

Nominal 

AEO 

Zero 

Arnold 

1 

1 

1 

1 

1 

1 

1.0 

Kelly 

2 

2 

3 

2 

2 

6 

2.8 

Grand  Forks 

6 

4 

2 

6 

3 

2 

3.8 

Hinot 

3 

3 

4 

4 

5 

4 

3.8 

Robins 

4 

5 

6 

3 

4 

5 

4.5 

Plattsburgh 

7 

6 

5 

7 

6 

3 

5.7 

HcGuire 

5 

7 

7 

5 

7 

7 

6.3 

Pease® 

8 

8 

10 

9 

8 

10 

8.8 

Dover 

13 

9 

8 

11 

9 

8 

9.7 

Andrews 

14 

10 

9 

12 

10 

9 

10.7 

Elmendorf® 

10 

12 

12 

8 

11 

11 

10.7 

Tinker 

9 

11 

14 

10 

12 

14 

11.7 

Scott 

12 

13 

11 

13 

13 

13 

12.5 

Hill 

11 

14 

13 

14 

14 

15 

13.5 

Hanscom 

16 

16 

15 

15 

15 

12 

14.8 

USAF  Academy 

15 

15 

16 

16 

16 

16 

15.7 

^LCC  results  for  Pease  may  be  optimistic  because  of  question¬ 
able  access  to  inexpensive  rail  delivery  for  coal. 

^LCC  results  for  Elmendorf  may  be  optimistic  because  of 
questionable  availability  of  inexpensive  coal. 


The  process  of  ranking  the  Air  Force  sites  in  the  manner  described 
above  is  simple  from  a  mathematical  viewpoint.  However,  all  economic 
analyses  should  be  viewed  with  skepticism  because  of  the  uncertainty 
associated  with  predicting  future  events.  An  appropriate  level  of 
skepticism  is  especially  important  when  interpreting  the  results  of  this 
study  because  the  recent  trend  of  unstable  energy  prices  will  probably 
continue  into  the  future.  The  results  of  the  LCC  analysis  should  there¬ 
fore  be  used  only  to  identify  general  trends,  while  small  differences 
should  be  considered  insignificant. 
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6.3  SKMSITIVm  TO  SELECTED  ECONOMIC  ASSUMPTIONS 

The  sensitivity  of  the  results  to  some  important  economic  assump¬ 
tions  has  been  examined.  The  effect  of  fuel  escalation  has  already  been 
examined  in  the  main  body  of  results.  Other  important  parameters  to  be 
examined  in  this  section  include  the  discounted  payback  period  and  the 
effect  of  discount  rate. 

It  was  found  that  reasonable  variations  in  the  assumed  values  of 
key  economic  parameters  can  have  significant  effects  on  the  absolute 
magnitudes  of  the  benefit/cost  ratios  (or  other  measures  of  economic 
benefit).  However,  these  parametric  variations  generally  do  not  have  a 
significant  effect  on  the  ranking  or  ordering  of  the  Air  Force  sites 
examined  in  this  study. 

6.3.1  Ranking  by  Discounted  Payback  Period 

The  discounted  payback  period  is  used  in  this  study  only  as  a 
secondary  figure-of-merit  for  the  reasons  discussed  in  Sect.  5.3.3. 
Discounted  payback  periods  were  calculated  for  all  Air  Force-financed 
projects,  and  selected  results  are  summarized  in  Table  6.8  for  the  top 
12  Air  Force  sites  from  Table  6.7.  The  discounted  payback  periods 
follow  the  same  trends  as  the  benefit/cost  ratios  (i.e.,  the  projects 
with  the  highest  benefit/cost  ratios  tend  to  have  the  shortest  payback 
periods),  although  there  are  some  minor  differences.  The  use  of  dis¬ 
counted  payback  periods  for  comparisons  will  tend  to  favor  coal-conver¬ 
sion  projects  that  are  less  capital  intensive. 

The  answer  to  the  question  of  whether  coal  will  be  a  more  attrac¬ 
tive  fuel  than  gas  or  oil  is  again  strongly  influenced  by  the  fuel 
escalation  assumptions.  For  the  "nominal  values"  escalation  case,  most 
of  the  coal-conversion  projects  have  discounted  payback  periods  that  are 
<10  years.  For  zero  fuel  escalation,  the  payback  periods  for  most  of 
the  projects  are  greater  than  the  economic  life  of  the  projects.  The 
notable  exception  for  zero  fuel  escalation  is  the  roicronized  coal  refit 
option  at  Arnold,  which  has  a  payback  period  <10  years. 
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T4t)lie  6.8.  eucAuntci)  [uybaek  {xrlodi  far  taUeccd  Air  FareA-ttnanecil  projaett 


(ate 

(Kajor 

eoaaand) 

Coal 

technology 

Technology 

iVpd 

Parasetert  •• 
naalnal  valuoi 

Fuel  etealatlon 
a  AKO  1987 

Fuel  cseaUclon 
sera 

leneflt/coat 

ratio 

Ctfceunted 

payback 

(yearn) 

Heneflc/eoBC 

ratio 

Dtieounced 

payback 

(yearn) 

(eneflc/cotc 

ratio 

Dlacounted 

payback 

(yearn) 

F.eiu 

Hew 

Arnold 

Htrroniied 

X 

Z.IAI 

3.9 

1.616 

4,7 

1.191 

6.4 

(AfSC) 

Slagging 

X 

1.961 

5.7 

1.480 

7.3 

1.085 

12.8 

rse  refit 

X 

i.9i; 

6.2 

1.453 

8.0 

1.064 

15.2 

rkg.  ataker 

X 

1.811 

6.4 

1.167 

8.6 

1.008 

25.2 

iimnHMi 

WSTfKmXTM 

HHI 

n 

rrss? 

?,» 

1.022 

19.3 

IqICTH 

mmiWM 

Hi 

6.8 

1.319 

9.2 

0.995 

>31 

Crand  Forkt 

Mlerontsed 

X 

1.632 

5.4 

1.345 

7.8 

1.057 

12.9 

(SAC) 

Slagging 

X 

I.A8S 

8.1 

1.223 

12.3 

0.957 

>31 

Fkg.  F9C 

X 

I.A8) 

8.1 

1.221 

12.3 

0.958 

>31 

Stoker  refit 

X 

I.AA9 

7.1 

1.211 

11.3 

0.962 

Hlnet 

Hleronlted 

X 

1.741 

6.0 

1.348 

8.0 

1.013 

19.8 

(SAC) 

Slagging 

X 

1.577 

8.9 

1.219 

12.6 

0.917 

>31 

rkg.  r(C 

X 

1.570 

9.0 

1.214 

12.8 

0.915 

>31 

Srciker  refit 

X 

1.564 

7.9 

1.210 

11.5 

0.923 

>31 

Xoblni 

HUronlaed 

X 

1.737 

5.6 

1.330 

7.7 

1.003 

26.0 

(Arte) 

Pkg.  F8C 

X 

1.470 

10.6 

1.124 

16.8 

0.842 

>31 

X 

1.461 

in.o 

1.119 

16.5 

0.844 

>31 

riattiburgh 

Hleronlaed 

X 

1.562 

5.6 

1.281 

8.7 

I. Oil 

21.3 

(SAC) 

Slagging 

X 

1.440 

8.3 

l.UO 

13.4 

0.926 

>31 

Pke.  FBC 

X 

1.411 

8.5 

1.172 

13.8 

0.923 

>31 

HeCuIre 

Hleronlaed 

X 

1.643 

6.8 

1.264 

9.7 

0.950 

>31 

(MAC) 

rke.  FBC 

X 

I.SIl 

9.7 

1.163 

14.6 

0  873 

>31 

Peaie® 

Hleronlaed 

X 

1.540 

7.9 

1.196 

11.7 

0.917 

>31 

(SAC) 

Slagging 

X 

I.39G 

12.0 

1.079 

19.9 

0.822 

>31 

Coal/uater 

X 

1.369 

10.4 

1.066 

19.4 

0.834 

>31 

FBC  refit 

X 

1.359 

13.1 

1.055 

22.6 

0.804 

>31 

Pkr.  FBC 

X 

1.266 

15.8 

0.983 

>11 

0.747 

>31 

Dover 

Hleronlaed 

X 

1.434 

7.3 

1.188 

11.8 

>31 

Stoker  refit 

X 

1.124 

9.4 

1.098 

17.1 

0.882 

>31 

Andrews 

Hleronlaed 

X 

1.411 

1.185 

12.1 

>31 

(MAC) 

Stoker  refit 

X 

I.IIS 

1.091 

17.8 

>31 

Glaendorf^ 

Hleronlaed 

X 

1.527 

8.5 

ME'M 

mmwm 

0.831 

>31 

(AAC) 

Slagging 

X 

1.403 

12.0 

>31 

FBC  refit 

X 

1.379 

12.9 

25.3 

0.762 

>31 

Field  FBC 

X 

1.326 

14.7 

>31 

0.729 

>31 

Tinker 

Field  FBC 

11 

10.7 

1.151 

>31 

(Artc) 

Fkg.  FBC 

n 

WKatMM 

10.4 

1.145 

mSOM 

HbIH 

>31 

‘^LCC  rc(uUa  for  Paaie  eay  b«  opCloUttc  bacauio  of  quoiclonable  acceii  to  Inoxpenslvo  roll  delivery  for 

coal. 


^LCC  reauUi  for  Eleendorf  uy  be  opclnticie  becaute  of  queatlonable  availability  of  Inexpenalve  coal. 
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6.3.2  Effect:  of  Diacount:  Kate 

Lowering  the  discount  rate  will  affect  the  LCC  analysis  because  the 
influence  of  costs  incurred  in  early  years  will  become  less  important, 
and  chose  incurred  in  later  years  will  become  more  important.  Another 
way  to  view  this  effect  is  that  Che  influence  of  the  initial  capital 
investment  will  lessen  in  comparison  to  annual  fuel  and  O&H  costs. 
Lower  discount  rates  will  therefore  cause  coal  projects  to  look  more 
attractive. 

A  value  of  lOZ  was  used  for  the  discount  rate  in  the  main  body  of 
results.  The  LCC  model  was  recalculated  with  a  7%  discount  rate  for  the 
top  seven  Air  Force  sites  from  Table  6.7.  Because  coal  appears  to  be 
Che  least  attractive  relative  to  gas  or  oil  for  the  ^ero  fuel  escalation 
case,  this  fuel  escalation  scenario  was  the  only  one  evaluated.  The 
results  in  Table  6.9  for  Air  Force-financed  projects  show  that  the  7Z 
discount  rate  increases  the  magnitude  of  the  benefic/cost  ratios  by 
about  3  or  4Z,  but  it  does  not  affect  the  ranking  of  the  bases. 

6.4  SUHMAKY  OF  LEADING  SITES  FOR  COAL  UTILIZATION 

The  most  important  objective  of  this  report  is  Co  conclude  which 
Air  Force  sices  have  the  greatest  potential  for  economical  utilization 
of  coal.  From  the  results  given  in  Tables  6.3  to  6.9,  seven  bases  can 
be  identified  as  leading  sites.  This  section  summarizes  the  pertinent 
information  for  Che  seven  leading  sites:  Arnold  Air  Force  Station  (AFS), 
Kelly  AFB,  Grand  Forks  AFB,  Minot  AFB,  Robins  AFB,  Plattsburgh  AFB,  and 
McGuire  AFB. 

6.4.1  Arnold  AFS 

The  main  heating  plant  in  Bldg.  1411  at  Arnold  consists  of  three 
72-MBtu/h  and  one  24-MBtu/h  boilers,  all  of  which  were  designed  for 
bituminous  coal.  The  large  boilers  were  designed  for  pulverized  coal¬ 
firing.  All  of  Che  boilers  have  been  converted,  and  they  now  fire 
natural  gas  with  No.  2  oil  used  as  a  secondary  fuel.  The  boilers  were 
installed  in  1951,  but  they  are  still  in  good  condition.  The  capacity 
factor  for  refitting  or  replacing  one  72-MBtu/h  boiler  is  estimated  to 
be  about  72%,  based  on  FY  1986  fuel-use  data. 
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Some  of  Che  original  coal-scorage  and  -handling  eqvilpmenc  1»  still 
in  place,  but  it  is  In  poor  condition  and  could  not  be  used  again. 
Removal  of  this  equipment  would  provide  adequate  space  to  install  new 
coal-handling  equipment.  Because  the  large  boilers  were  designed  for 
pulverized  coal-firing,  the  most  convenient  conversion  would  be  to 
install  mlcronlzed  coal-firing  equipment.  The  technical  risk  would  be 
minimal,  because  the  environmental  regulations  require  no  SOj  control 
for  a  boiler  with  a  fuel  input  <100  HEtu/h.  A  mlcronlzed  coal  system 
refit  to  one  of  the  existing  boilers  is  estimated  to  be  the  lowest-cost 
conversion  option. 

The  economics  of  converting  to  coal-firing  appear  to  be  attractive 
based  on  both  current  and  future  escalated  fuel  prices.  The  current 
reported  prices  for  fuels  at  the  base  are  $3.97/HBcu  for  natural  gas  and 
$1.75/HBtu  for  ROM  bituminous  coal  with  1.5Z  sulfur  content.  Overall, 
Arnold  appears  to  be  the  leading  candidate  for  conversion  of  one  of  the 
large  boilers  in  the  central  steam  plant  back  to  coal-firing. 

6.4.2  Kelly  AFB 

The  main  steam  plant  In  Bldg.  376  at  Kelly  consists  of  two 
54.5-HBtu/h,  two  50-MBtu/h,  and  one  A9.6-HBtu/h  boilers  that  were  de¬ 
signed  for  gas-/oll-f Irlng.  They  use  natural  gas  as  the  primary  fuel 
with  No.  2  oil  as  a  secondary  fuel.  The  boilers  were  installed  from 
1954  through  1976  and  are  in  good  condition.  The  capacity  factor  for 
refitting  or  replacing  one  54.5-MBtu/h  boiler,  but  derated  to 
43.5  MBtu/h,  is  estimated  to  be  about  82%,  based  on  FY  1985  fuel-use 
data.  Derating  is  necessary  because  the  boilers  were  not  designed  for 
coal-firing. 

There  is  not  enough  available  space  at  the  existing  boiler  house  to 
Install  dry  coal-firing  equipment  or  a  coal  pile.  It  should  be  possible 
to  install  coal/water  mixture  combustion  equipment  at  the  present  boiler 
house.  The  technical  risk  would  be  fairly  high  because  of  limited 
experience  with  firing  coal/water  mixtures  in  No.  2  oil-designed 
boilers.  A  packaged  shell-type  stoker  replacement  boiler  at  another 
site  on  base  is  estimated  to  be  the  lowest-cost  coal-conversion  option. 
The  environmental  control  regulations  require  no  SOj  control  for  boilers 
with  ratings  <100  MBtu/h  fuel  input. 


64 


Based  on  future  escalated  fuel  prices,  the  economics  of  converting 
CO  coal-firing  with  a  replacement  boiler  appear  Co  be  atCracCivc<  There 
is  only  a  slight  coat  advantage  ac  present  fuel  prices.  The  current 
reported  prices  for  fuels  at  the  base  are  $A.00/KBcu  for  natural  gas  and 
$1.98/KBcu  for  stoker  bituminous  coal  with  1.3X  sulfur.  Kelly  is  among 
the  cop  six  candidates  for  potential  conversion  to  coal-firing,  in  this 
case  by  means  of  a  replacement  boiler. 

6.4.3  Grand  Forks  AFB 

The  central  heating  plant  in  Bldg.  423  at  Grand  Forks  consists  of 
two  42-HBCu/h  and  three  25-HBcu/h  IITHW  boilers,  all  of  which  were  de¬ 
signed  for  stoker  coal-firing.  They  were  later  converted  to  burn  No.  6 
oil.  Presently,  IITHW  is  being  obtained  from  electrically  heated  boilers 
(owned  by  the  electric  utility)  with  a  special  low  electric  power  rate 
of  2.15c/kWh.  However,  No.  6  oil  was  assumed  to  be  the  primary  fuel  in 
the  economic  analysis  because  the  contract  to  purchase  this  low-priced 
electric  power  from  the  utility  will  expire  soon.  The  base  also  has 
recently  acquired  access  to  natural  gas,  but  it  has  never  been  burned  in 
the  central  heating  plant.  The  capacity  factor  for  refitting  or  replac¬ 
ing  one  42-HBtu/h  boiler  is  estimated  to  be  ~72Z,  based  on  FY  1985  and 
1986  fuel-use  data. 

The  original  coal-handling  equipment  has  been  removed,  but  there  is 
space  available  to  install  new  equipment.  The  boiler  was  originally 
designed  for  stoker-firing,  so  it  should  be  feasible  to  refit  it  with 
any  of  the  technology  options.  A  refit  to  stoker-firing  would  have  the 
least  technical  risk.  The  risk  for  the  other  options  should  be  only 
slightly  higher  because  the  environmental  regulations  require  no  SOj 
control  when  burning  low-sulfur  coal  (<1.6T  sulfur)  in  a  boiler  with  a 
fuel  input  <100  MBtu/h.  A  micronized  coal  system  refit  to  one  of  tae 
existing  42-MBtu/h  boilers  is  estimated  to  be  the  lowest-cost  conversion 
option. 

The  economics  of  converting  to  coal-firing  appear  to  be  favorable 
based  on  future  escalated  fuel  prices.  There  is  only  a  slight  cost 
advantage  at  present  fuel  prices.  The  current  reported  prices  for  fuels 
at  the  base  are  $3.67/MBtu  for  No.  6  oil  or  natural  gas,  and  $1.48/MBtu 


65 


£or  ROH  bituminous  coal  with  IZ  sulfur.  Grand  Forks  is  among  the  top 
six  candidates  for  conversion  back  to  coal-firing,  with  the  lowest-cost 
option  being  conversion  of  one  of  the  42-HBtu/h  boilers  to  micronixed 
coal. 


6.4.4  Hinot  AFB 

The  central  heating  plant  in  Bldg.  No.  413  at  Hinot  consists  of 
five  25-HBtu/h  and  one  42-HBtu/h  HTHW  boilers.  Two  boilers  (42-  and 
25-MBtu/h)  were  designed  to  burn  coal  but  have  since  been  converted  to 
burn  gas  or  oil.  Cas  is  the  primary  fuel,  and  No.  6  oil  is  the 
secondary  fuel  for  these  boilers.  The  42-HBtu/h  boiler  was  installed  in 
1963  and  is  in  good  condition.  The  capacity  factor  for  refitting  or 
replacing  this  boiler  is  estimated  to  be  about  65Z,  based  on  FT  1985  and 
1988  fuel-use  data. 

The  original  coal-handling  equipment  has  been  removed,  but  there  is 
space  available  to  install  new  equipment.  The  boiler  was  originally 
designed  for  stoker-firing,  so  it  should  be  feasible  to  refit  it  with 
any  of  the  technology  options.  A  refit  to  stoker-firing  would  have  the 
least  technical  risk.  The  risk  for  the  other  technology  options  should 
be  only  slightly  higher  because  the  environmental  regulations  require  no 
SOj  control  when  burning  low-sulfur  (<l.6Z)  coal  in  a  boiler  with  a  fuel 
input  <100  HBtu/h.  A  micronized  coal  system  refit  to  the  existing 
42-HBtu/h  boiler  is  estimated  to  be  the  lowest-cost  conversion  option. 

The  economics  of  converting  to  coal-firing  appear  to  be  attractive 
based  on  future  escalated  fuel  prices.  There  is  only  a  slight  cost 
advantage  at  present  fuel  prices.  The  current  reported  prices  for  fuels 
at  the  base  are  $3.60/HBtu  for  natural  gas  and  $1.48/HBtu  for  ROM 
bituminous  coal  with  IZ  sulfur.  Minot  is  one  of  the  top  six  candidates 
for  conversion  back  to  coal-firing  of  the  large  boiler  in  the  central 
heating  plant. 

6.4.5  Robins  AFB 

There  are  two  major  heating  plants  at  Robins,  but  only  one  has 
large  enough  boilers  to  merit  consideration  for  conversion.  The  larger 
heating  plant  in  Bldg.  177  consists  of  three  98-MBtu/h,  three  54-Btu/h, 
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and  one  S’-HBcu/h  boilers.  The  Chrec  S4-*MBcu/h  boilers  were  originally 
designed  for  coal  buc  have  been  converted  to  burn  natural  gas  with  No.  2 
oil  used  as  a  secondary  fuel.  The  boilers  were  installed  in  1953  and 
are  in  fair  .condition.  The  capacity  factor  for  refitting  or  replacing 
one  54-HBcu/h  boiler  is  estimated  to  be  -812,  based  on  t'T  1985  and  1986 
fuel-use  data. 

The  original  coal-handling  equipment  has  been  removed,  and  cooling 
towers  have  been  installed  in  much  of  this  space.  The  space  for  new 
coal-handling  equipment  is  limited,  and  the  only  technologies  that  could 
probably  be  used  for  refit  would  be  micronized  coal  or  coal/water 
slurry-firing.  The  micronized  coal  option  would  have  the  lowest  tech¬ 
nical  risk  because  the  environmental  regulations  require  no  S02  control 
for  a  boiler  with  a  fuel  input  <100  KBtu/h.  A  micronized  coal  system 
refit  to  one  of  the  existing  54-HBtu/h  boilers  is  estimated  to  be  the 
lowest-cost  conversion  option. 

The  economics  of  converting  to  coal-firing  appear  to  be  attractive 
based  on  future  escalated  fuel  prices.  There  is  only  a  slight  cost 
advantage  at  present  fuel  prices.  The  current  reported  prices  for  fuels 
at  the  base  are  $3.l9/HBtu  for  natural  gas  and  $1.77/HBtu  for  ROM 
bituminous  coal  with  0.82  sulfur.  Robins  is  one  of  the  cop  six  candi¬ 
dates  for  potential  conversion  back  to  coal-firing  of  one  of  the  coal- 
designed  boilers. 

6.4.6  Plattsburgh  AFB 

The  main  heating  plant  in  Bldg.  2658  at  Plattsburgh  consists  of  six 
50-MBcu/h  HTUW  boilers,  all  of  which  were  designed  for  firing  No.  6 
oil.  The  primary  fuel  is  still  No.  6  oil.  The  boilers  were  installed 
in  1955  and  1957  and  are  in  fair  to  good  condition.  The  capacity  factor 
for  refitting  or  replacing  one  SO-MBtu/h  boiler  is  estimated  to  be  about 
762,  based  on  PY  1987  and  1988  fuel-use  data. 

There  is  enough  space  available  to  install  coal-handling  equipment 
and  for  a  coal  pile  at  Che  existing  boiler  house.  Because  the  boilers 
were  originally  designed  for  No.  6  oil,  Che  return  to  stoker  option  is 
not  possible,  but  the  other  refit  technologies  should  be  feasible.  The 
technical  risk  would  be  moderate  for  all  of  the  refit  options  because  of 
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limiccd  experience  with  firing  coal  in  boilers  designed  for  No.  6  oil.  A 
micronixed  coal  syscem  refic  co  one  of  the  existing  boilers  is  estimated 
to  be  the  lowest-cost  conversion  option. 

The  economics  of  converting  co  coal-firing  appear  to  be  favorable 
based  on  future  escalated  fuel  prices.  There  is  'only  a  slight  cost 
advantage  at  present  fuel  prices.  The  current  reported  prices  for  fuels 
at  Che  base  are  $3.67/HBcu  for  No.  6  oil  and  $1.97/HBCu  for  ROM  bitumi¬ 
nous  coal  with  2X  sulfur.  Plattsburgh  is  among  Che  top  seven  candidates 
for  conversion  back  to  coal-firing,  with  the  lowest-cost  option  being 
conversion  of  one  of  the  50-HBcu/h  boilers  co  micronized  coal. 

6. A. 7  HeCuire  APB 

The  main  heating  plant  in  Bldg.  2101  at  McGuire  consists  of  four 
50-HBcu/h  and  two  31.2-MBcu/h  HTIIW  boilers,  all  of  which  were  designed 
for  stoker-firing  of  bituminous  coal.  All  of  the  boilers  have  been 
converted  and  now  burn  natural  gas  with  No.  2  oil  used  as  a  secondary 
fuel.  The  larger  boilers  were  installed  in  1953  and  the  smaller  ones  in 
1960.  The  capacity  factor  for  refitting  or  replacing  one  50-MBcu/h 
boiler  is  estimated  Co  be  about  62Z  based  on  calendar  year  (CY)  1985  and 
FY  1986  fuel-use  data. 

Host  of  Che  coal-handling  equipment  is  still  in  place,  but  some  of 
it  is  in  very  bad  condition  and  could  not  be  used  again.  Removal  of  the 
unusable  equipment  would  provide  adequate  space  to  install  the  necessary 
new  coal-handling  equipment.  It  would  be  feasible  Co  refit  one  or  more 
of  Che  larger  boilers  with  any  of  the  technology  options.  The  environ¬ 
mental  regulations  require  strict  SO2  control,  so  the  technical  risk  is 
fairly  high  for  all  of  Che  combustion  options.  A  micronized  coal  system 
refic  to  one  of  the  50-MBcu/h  boilers  is  estimated  to  have  the  lowest 
cost  of  the  conversion  options,  but  low-sulfur  (<1.5%)  coal  may  be 
required  in  combination  with  limestone  addition  to  meet  Che  0.3-Ib/KBCu 
SOj  emission  limit. 

The  economics  of  converting  to  coal-firing  appear  to  be  favorable 
for  future  escalated  fuel  prices  but  unfavorable  for  current  fuel 
prices.  The  current  reported  prices  for  fuels  at  the  base  are 
$4.00/HBtu  for  natural  gas  and  $1.89/MBtu  for  ROM  bituminous  coal. 
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HcGuirc  is  among  ch&  cop  seven  candidaccs  for  poConcial  conversion  co 
coal-firing. 
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7.  CDMCLUSIONS  AMD  Il£COHM£NDATIOM5 

The  major  goal  of  this  report  «as  to  rank  the  Air  Force  installa¬ 
tions  that  presently  burn  natural  gas  and/or  oil  for  tteam/HTHW  produc¬ 
tion  according  to  their  suitability  for  economical  use  of  coal.  It  is 
recommended  that  the  following  seven  installations  be  considered  at  the 
leading  candidates  for  conversion  of  heating  plants  to  coal-firing: 

1.  Arnold  AFS, 

2.  Kelly  AFB, 

3.  Grand  Forks  AFB, 

A.  Minot  AFB, 

5.  Robins  AFB, 

6.  Plattsburgh  AFB, 

7.  McGuire  AFB. 

They  are  listed  in  order  of  rank,  with  Arnold  AFS  being  the  sice  with 
the  highest  estimated  bencfic/cost  ratio  for  a  coal-convertion/-ucilisa- 
cion  project.  The  ranking  of  all  16  Air  Force  sites  examined  in  this 
report  is  given  in  Table  6.7. 

Even  chough  three  levels  of  fuel  escalation  and  two  types  of 
financing  were  considered,  the  economic  results  consistently  identified 
Arnold  AFS  as  the  cop  sice  for  coal  conversion.  The  analysis  also 
ranked  Kelly,  Grand  Forks,  Minot,  Robins,  Plattsburgh,  and  McGuire  AFBs 
in  positions  2  through  7,  although  their  respective  order  was  not  always 
consistent.  It  is  recommended  that  any  possible  demonstration  projects 
be  conducted  at  one  of  these  seven  bases.  A  micronixed  coal  refit 
system  would  be  a  logical  choice  for  a  demonstration  project  because  it 
is  a  fairly  new  technology  that  ippsars  to  have  very  favorable  eco¬ 
nomics. 

The  three  sets  of  fuel  escalation  assumptions  used  in  the  analysis 
did  have  a  very  significant  effect  On  the  calculated  LCCs  and  benefit/ 
cost  ratios  for  the  various  coal-conversion  projects.  One  fuel  escala¬ 
tion  scenario  was  based  on  DOD  guidelines  and  resulted  in  rather  high 
escalation  rates  for  gas  and  oil  prices  relative  to  coal  prices.  It  is 
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recommended  chac  chose  DOD  cscalaco.rs  be  updated  as  soon  as  new  infocma*' 
cion  is  available  and  chac  Che  currenC  method  for  esCimacing  fuel  esca-* 
lacion  beyond  Che  year  2000  be  improved.  To  address  chis  issue^  a 
second  sec  of  fuel  escalators  was  developed  and  used  in  the  LCC  analycis 
for  comparison.  This  second  sec  of  fuel  price  escalacors  was  designated 
as  che  *'AE0  1987"  case,  and  ic  resulted  in  escalation  rates  that  were 
approximately  midway  between  che  DOD  fuel  escalation  races  and  a  third 
case  of  zero  fuel  escalation. 

The  results  given  in  Tables  6.3  to  6.6  show  a  large  spread  in  the 
bencfit/cosc  ratios  for  che  three  different  fuel  price  escalation 
scenarios.  A  large  number  of  coal-'conversion  projects  appear  to  be 
economically  viable  when  che  DOD  fuel  escalacors  arc  useu;  only  a  few 
appear  economical  when  zero  fuel  escalation  is  assumed;  ai:d  the  middle 
"AEO  1987"  fuel  escalation  case  gives  results  between  these  extremes.  It 
is  very  difficult  to  decide  which  fuel  price  scenario  is  most  applicable 
because  the  fuel  escalation  projections  are,  at  best,  only  educated 
guesses  of  future  events.  Ic  can  be  concluded,  however,  chac  at  least  a 
few  Air  Force  sites  arc  good  candidates  for  coal-conversion  projects 
based  on  the  results  for  zero  fuel  escalation,  which  is  a  very  conserva¬ 
tive  assumption. 

When  compared  to  the  DOD  target  of  1,600,000  tons/year,  the  coal- 
utilization  projects  considered  in  this  report  would  result  in  a  rela¬ 
tively  small  amount  of  coal  use.  Projects  at  all  seven  of  che  leading 
sites  (listed  previously)  would  consume  only  -112,000  tons/year  (~7Z  of 
DOD  target).  Projects  at  all  16  bases  examined  in  the  report  would 
consume  -^33,000  tons/year  (-27X  of  DOD  target).  Ocher  types  of  proj¬ 
ects  chat  would  use  greater  amounts  of  coal  should  be  examined  if  meet¬ 
ing  the  DOD  target  is  desired.  Coal-utilization  projects  that  could 
potentially  be  larger  chan  chose  examined  in  chis  study,  such  as  cogen¬ 
eration  and  Increasing  heating  loads  through  distribution  system  exten¬ 
sions,  will  be  examined  in  later  reports. 

Up  to  this  point,  noneconomic  factors,  such  as  Air  Force  energy 
security,  aesthetics,  and  possible  effects  on  base  missions,  have  not 
been  considered.  These  types  of  considerations  must  eventually  be 
factored  into  the  decision-making  procr^s. 
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APPENDIX 

AIR  FORCE  BASE  INFORMATION  SUMMARIES 

Inforuuitlon  lummaries  concerning  the  heating  plants  for  each  of  the 
16  Air  Force  facilities  examined  in  the  economic  analysis  are  presented 
in  this  appendix-  The  information  in  these  summaries  was  used  to  model 
coal-conversion  projects.  Results  from  the  LCC  model  are  included  with 
each  information  summary. 

The  summaries  are  grouped  according  to  the  major  commands  and 
arranged  alphabetically  in  the  following  order: 


Base 

Command 

Pa£e 

Blmendorf  .'FB 

AAC 

75 

Hill  AFB 

AFLC 

86 

Kelly  AFB 

AFLC 

96 

Robins  AFB 

AFLC 

106 

Tinker  AFB 

AFLC 

116 

Arnold  AFS 

AFSC 

126 

ilanscom  AFB 

AFSC 

135 

Andrews  AFB 

MAC 

1A5 

Dover  AFB 

MAC 

155 

McGuire  AFB 

MAC 

165 

Scott  AFB 

MAC 

175 

Grand  Forks  AFB 

SAC 

185 

Minot  AFB 

SAC 

19A 

Pease  AFB 

SAC 

203 

Plattsburgh  AFB 

SAC 

213 

USAF  Academy 

USAFA 

222 

75 


ELMEMDORP  APB:  AAC 


1.  BACKGROUND 

Elmendorf  Air  Force  Base  is  located  near  Anchorage,  Alaska,  and  has 
one  o£  the  largest  central  heating  plants  in  the  Air  Force.  The 
annual  average  fuel  consumption  is  ~300  MBtu/h.  Only  the  primary 
heating  plant  is  of  significance  to  this  stvdy.  All  boilers  were 
built  to  burn  bituminous  or  subbituminous  coals.  They  are  described 
as  field-erected,  two-drum,  bent-tube,  water-tube  units  with 
economizers,  fitted  with  Peabody  ring-type  gas  burners  and  Peabody 
steam  atomising  oil  burners.  Natural  gas  is  now  the  main  fuel  with 
distillate  (Arctic  diesel)  oil  as  a  backup  fuel.  The  boilers 
previously  burned  Hatanuska  bituminus  coal  (12,900  Btu/lb)  with 
spreader  stoker  traveling  grate  systems.  Conversion  to  natural  gas 
(with  Arctic  diesel  as  secondary  fuel)  took  place  in  1968.  The 
Hatanuska  mines  went  out  of  business  because  the  remaining  coal  seam 
dipped  steeply,  causing  mining  to  be  uneconomical,  especially  in 
comparison  to  natural  gas. 

Presently,  cogeneration  is  employed  for  this  steam  plant.  The  415- 
psig  superheated  steam  passes  through  three  Uestinghouse,  9375-kVA, 
condensing,  single-automatic-extraction  turbogenerators.  Steam  is 
extracted  at  100  psig. 

2.  HEATING  PLANT  UNITS 
Heating  Plant  No.  22-004; 

6  X  150  MBtu/h,  Erie  City,  1954 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  maximum  possible  capacity  factors  listed  below  were  calculated 
from  monthly  fuel-use  data  for  plant  No.  22-004. 

FY  1986 

Fuel  ideal 

input  capacity 

(MBtu/hr)  factor 
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4.  ENERGY  PRICES 

FY  1986  Price  DaCn; 

Natural  gas  =  $1.94/HBtu 
Distillate  oil  =  $5.90/HQtu 
Electricity  =  8.0c/kWh 

The  price  of  electricity  is  probably  for  the  purchased  amount  only, 
which  is  rather  small  because  of  the  cogeneration  system. 


C.  H.  Guernsey  and  Co.  Survey; 


Natural  gas  °  $2.05/MBcu 
Distillate  oil  -  $5.90/HBtu 
Electricity  =  3.5c/kWh 


5.  COAL  PROPERTIES  AND  PRICES 


Stoker  ROM 

Origin 

HHV,  Btu/lb  7650  7650 

Ash,  X  13.9  13.9 

Sulfur,  %  0.17  0.17 

Nitrogen,  %  1.0  1.0 

Ash-softening  temperature  "F  2130  2130 

Swelling  index 

Top  size,  in.  2x0 

Bottom  size,  in. 

Fines,  % 

Grindability  index  32  32 


Cost  at  mine,  $/ton  31.00  (estimated)  23.00 
Delivered  cost,  $/ton  33.00  25.00 
Energy  price,  $/HBtu  2.16  1.63 

The  prices  quoted  are  very  optimistic  because  they  are  from  a  new 
company  that  is  not  yet  in  operation.  If  the  above  coal  is  not 
available  when  a  coal-conversion  project  is  completed,  then  coal 
would  have  to  be  purchased  from  the  only  supplier  that  is  currently 
in  operation,  at  a  delivered  price  of  about  $44. 00/ton  ($2.8l/HBtu) 
for  ROM  coal.  This  would  make  coal  conversion  unattractive  because 
coal  would  cost  more  than  gas. 

6.  ENVIRONMENTAL  REGULATIONS 


6.1  Air  Pollution  Emission  Limits  for  New  Sources 

The  Air  Quality  Control  Regulations  of  Alaska  require  that 
fuel-burning  equipment  of  the  capacity  being  considered  for 
Elmendorf  (one  or  more  boilers)  be  operated  only  after  a  permit 
is  granted.  The  application  for  a  permit  must  include,  in 
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addicion  co  other  requirements  (I)  plans  and  specifications, 
(2)  an  engineering  report,  and  (3)  a  description  of  air- 
quality-control  devices.  The  Air  Quality  Control  Regulations 
classify  the  Anchorage  urban  area  (adjacent  to  the  base)  r.s  a 
nonattainment  area  (Class  I)  for  carbon  monoxide  levels  in  the 
ambient  air.  Hence,  carbon  monoxide  emissions  may  not  increase 
significantly  from  current  levels  at  the  base  unless  an  offset 
is  adopted  for  another  pollutant.  A  significant  increase  is 
defined  in  the  national  standards  as  100  tpy.  It  is  very 
unlikely  that  a  return  to  coal-firing  would  violate  this  emis¬ 
sion  rate;  hence,  the  increase  in  CO  emission  would  in  all 
probability  not  be  significant. 

With  the  exception  of  limited  nonattainment  areas  for  carbon 
monoxide,  the  air  and  water  quality  in  Alaska  compare  favorably 
with  most  areas  in  the  country.  Therefore,  the  State  govern¬ 
ment  has  not  legislated  Alaska  air  emission  or  coal  runoff 
water  standards  but  relies  on  applicable  national  standards  for 
emission  control. 

SO,.  For  boilers  >100  HBtu/h:  FBC  —  90Z  reduction  to  meet 
limit  of  1.2  Ib/MBcu;  emerging  technology  —  SOZ  reduction  to 
meat  limit  of  0.6  Ib/HBtu. 

HOjj.  For  boilers  >100  HBtu/h:  spreader  stoker  and  FBC  —  0.6 
Ib/MBtu;  pulverized  coal  -  0.7  Ib/MBtu. 

Particulates.  For  boilers  >100  HBtu/h:  0.05  Ib/HBtu;  opacity 
must  be  <20Z  except  for  one  6-min  period  per  hour  of  no  more 
than  27Z. 

6.2  Coal-Pile  Runoff 


EPA  regulations  for  coal-pile  rainfall  runoff  specify  that  the 
pH  of  all  discharges,  except  once-through  cooling  water,  shall 
be  within  the  range  of  6.0  to  9.0.  The  total  suspended  solids 
limitation  for  the  point  source  discharges  of  coal-pile  runoff 
is  50  mg/L. 

6.3  Ash  Disposal 


The  national  standards  for  solid  wastes  classify  coal  ash  as  a 
nonhazardous  solid  waste.  The  EPA  does  not  regulate  fly  ash 
and  bottom  ash  waste.  The  only  regulations  Alaska  has  pertain¬ 
ing  to  or  affecting  coal  ash  disposal  are  (1)  general  require¬ 
ments  for  a  solid-waste  facility  and  (2)  rules  for  issuing  a 
general  permit  for  solid-waste  disposal. 

The  general  requirements  for  a  solid-waste  facility  are  de¬ 
signed  to  protect  other  standards  governing  the  purity  of 
surface-  and  drinking-water  supplies.  Problems  should  not 
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arise  in  this  area  i£  care  is  exercised  in  selecting  a  disposal 
site.  Obtaining  a  general  permit  from  the  state  of  Alaska  for 
disposal  of  solid  waste  should  not  present  a  problem  since  the 
waste  is  nonhazardous. 

7.  OTHER  CONSIDERATIONS 

Wages  for  steam  plant  personnel  look  very  high,  about  $17/h  in  1980. 
Nineteen  people  were  listed  for  this  900-HBtu/h  boiler  plant. 

No  doubt  coal  has  some  special  problems  in  Alaska  because  of  freez¬ 
ing  temperatures.  Also  transportation  difficulties  and  costs  must 
be  considered  carefully.  Railroad  trackage  is  in  poor  condition  and 
has  been  partially  removed.  No  locomotive  is  available  on  base. 
The  base  has  an  expandable  landfill  to  satisfy  solid-waste  disposal 
requirements. 

8.  COAL-CONVERSION  PROJECT  OUTLOOK 

Based  on  the  capacity  factor  analysis,  the  most  economical  coal 
options  would  probably  be  to  replace/refit  two  boilers.  The  maximum 
load  factor  for  conversion/replacemenC  of  two  150-MBtu/h  units  (375 
HBtu/h  fuel  input  for  both  units)  would  be  -0.80.  If  90Z  coal 
system  availability  is  assumed,  then  the  estimated  overall  capacity 
factor  for  coal-firing  will  be  0,8  x  0.9  *  0.72. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  SO,  removal  is  required  because  the  proposed  project  is 
larger  than  100  MBtu/h. 

NO^.  No  special  N0,(  reduction  methods  will  be  required  for  any 
of  the  combustion  technologies. 

Particulates.  Bag  filters  or  electrostatic  precipitators  will 
be  required. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  plant  was  originally  designed  for 
coal.  There  is  space  available  for  reinstalling  combustion 
equipment  at  the  existing  boiler  or  for  constructing  a  new 
boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  spuce  available  for  coal- 
handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  plant  or  at  a  new  site  on  base. 


8.3  Technical  Risk  o£  Combustion  TcchnoIoRies 


The  boilers  were  originally  designed  for  coal,  and  Che  lowest 
risk  is  for  refit  of  stoker  firing.  However,  the  need  for  SO2 
control  increases  the  overall  risk  for  Chat  option,  as  well  as 
Che  other  coal-combustion  technologies. 

COGENERATION  PROJECT  OUTLOOK 

Cogeneration  is  currently  being  used  at  Elmcndorf;  hence,  an  evalua¬ 
tion  of  its  potential  is  not  provided. 
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10.  IHPOT  AHO  LCC  SUMiARV  SPREADSHEETS 


EllgiroORr  APB!  2  X  ISO  MHtu/hr.  EOOWOKIC  PARAWTOIS  ■«  HOKfXAL  VAI.UtS 


Total  ataaa  output  300.0 

KBtu/hr 

Boiler  capacity  factor  ••  .719 

of  unlta  for  raflt  «  2 

Uydratad  lima  pclca(S/ton)  ••  40.00 

COAL  PSOPEUIZS 

Ath  dlapotal  price  (S/ton)  ••  10.00 

Electric  prlca  (cantt/kVih)  ••  3.30 

Ath  fraction 

»  .139 

.139 

Labor  rata  (kS/yr)  •>  3S.00 

Sulfur  fraction 

-  .002 

.002 

Llmaatona  price  (S/ton)  ••  20.00 

UHV  (Btu/lb) 

«  7630. 

7630. 

FUEL  PUCES 

FUEL  PUCES 

Katural  gat  prlca  (3/KBtu)  ••  2. OS 

R.O.M.  coal  (S/KBtu) 

»  1.63 

<2  011  prlca  (S/(HStu)  «  4.71 

Stokar  coal  (S/KBtu) 

"  2.16 

#6  011  price  (S/KBtu)  ••  .00 

Coal/1120  mix  (S/KBtu) 

«  3.00 

OPTIONS 

Coal/oll  mix  (S/KBtu) 

»  3. SO 

Soot  blower  taultlpllar  «  .0 

Tuba  bank  mod  multlpllar  ••  .0 

Primary  fuel  la  3 

Bottom  ath  pit  multiplier  >•  1.0 

KATURAL  CAS 

S02  contrcl  multiplier  ••  1.0 

1-IS  Oil,  2-^2  Oil,  3*Ka 

LIHESTOKE/LIMB 


Intttt  Eraetlon  •<  .OS 
EOOHOHIC  FARAMETERS 

Inflation  &  dlseountlnt  baaa  yoar  *•  1S68 
Gan  Infla  Indax  (1987  to  besa  yr)  ••  1.0(0 
Gat  Infla  Indax  (1086  to  bast  yt)  ■  1.000 
Oil  Infla  Indax  (1088  to  bata  yt)  ••  1.000 
Coal  Infla  Indax  (1988  to  bate  yr)  ■  1.000 
Projaet  atazt  year  1990 
Projact  Ufa  (yr)  ••  30 
Oapraclatlon  Ufa  (yr)  ••  IS 
Ganaral  Inflation  rata  (Z/yr)  ••  0 

Typa  of  gat  atcalatlon  agaa 
Typa  of  oil  atcalatlon  *•  aoll 
Typa  of  coal  atcalatlon  acoal 
Discount  rata  (Z/yr)  ■■  10 
Rata  of  ratum  on  Invaat  (Z/yr)  ••  17 
Aiaovnt  of  working  capital  (oonth)  2 
Fadaral  Incooa  tax  rata  (Z)  ~  3( 
Local  prop  tax  (&  Intur)  rata  (Z)  2 


REAL  ESCALATIOH  RATE  »/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATIOH 

1988 

-1990 

1990 

199S 

-2000 

2000  AND 

BEYOND 

Gas 

•gas 

3.89 

8.07 

S.77 

S.77 

Oil 

toll 

4.86 

7.87 

4.16 

4.16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

3:(5  PM 


Oct  24,  1968 
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pjgirooitf  MTl!  2  X  130  HBtu/hr.  BCOWCHTC  rARAHCrmS  «■  WCMIW^L  VAI.WS 
TottL  attao  output  *•  300.0  KBtu/hc  Coat  bttti  yt«s  •<  1088 

Bollot  capacity  foctoc  >  .710  Pcintcy  £ual  »  HATUKAL  CAS 

Hucibac  ol  unlta  toe  taflt  ••  2 


AHWAL  COSTS 


i 

FUEL/ 

FUEL 

TOTAL 

KAINT 

OTHER 

OF 

STEAH 

PRICE 

aPITAL 

FUEL 

0  &  H 

0  &  H 

TECmiOLOfflf _ UHITS 

EFF 

8/KBtu 

kS 

kS 

kS 

k3 

Natural  (aa  bollac 

— 

.803 

2. OS 

.0 

4841,0 

443.2 

617.8 

#2  OIL  Head  bollac 

— 

.800 

4.71 

.0 

11124.6 

443.2 

817.6 

#8  011  Head  bollar 

.... 

.600 

.00 

.0 

.0 

.0 

.0 

Hlcconlxad  coal  callt 

2 

.600 

1.63 

0386.0 

3840.0 

724.1 

1373.6 

Slaislns  buenac  callt 

2 

.600 

1.63 

16028.4 

3840.0 

724.1 

1373.8 

HoOulac  FBC  callt 

2 

.700 

1.63 

183S1.6 

3808.7 

667.0 

1486.4 

Stokac  llclnt  callt 

2 

.740 

2.16 

16237.6 

3313. 4 

1060.0 

1367.3 

Coal/watac  aluccy 

2 

.7J0 

3.00 

6606.0 

7338.1 

867.0 

1361.0 

Coal/oll  aluccy 

2 

.780 

3.30 

7728.6 

8478.7 

331  0 

1133.6 

Low  Btu  aaalllar  raflt 

6 

.680 

2.16 

27376.7 

6107,1 

616.0 

3377.1 

Packaged  ahtll  atokac 

6 

.740 

2.16 

26076.7 

3313.4 

1060.0 

1806.2 

Packaged  ahall  FBC 

6 

.760 

1.63 

23007.4 

4032.3 

667.0 

1737.8 

Field  erected  atokec 

1 

.760 

2,16 

24711,4 

3232.6 

lOSS.O 

1306.3 

Field  erected  FBC 

1 

.800 

1.63 

22300.6 

3840,0 

775.7 

1338,8 

Pulvaclxed  coal  bollac 

1 

.800 

1.63 

28117.7 

3640.0 

1173.0 

1480.6 

Circulating  FBC _ 

1 

.810 

_ldL_ 

28800.3 

3802.4 

1470.6 

AIR  FORCE  PROJECT 

PRIVATE 

PROJECT 

LIFE 

LIFE 

• 

CVCLE 

CYCLE 

COST, 

DISCOUNTED 

COST, 

COAL 

DISCOUNTED 

BENEFIT/ 

PAYBACK 

DISCCJNTED 

BENEFIT/ 

#  0? 

USE, 

AS  SPENT 

COST 

PERIOD, 

AS  SPENT 

COST 

TECHNOLOGY 

UNITS 

HfSiyzsii 

_ kS _ 

RATIO 

_ YT _ 

_ kS 

RATIO 

Natural  gaa  bollac 

— 

— 

<™  Existing  syateo. 

primacy  fuel 

#2  Oil  Heed  bollac 

— 

" 

46  011  fired  boiler 

.. 

.. 

■m 

Hlcconlxad  coal  refit 

2 

154,374 

62,462 

1.527 

8.3 

66,800 

1.386 

Slagging  burner  raflt 

2 

154,374 

67,951 

1.403 

12.0 

77,676 

1.228 

Modular  FBC  refit 

2 

156,328 

69,143 

1.379 

12.9 

60,032 

1.191 

Stoker  firing  refit 

2 

166,860 

66,653 

1.100 

23.2 

97,019 

.983 

Coal/watar  aluccy 

2 

164,665 

94,362 

1.010 

30.0 

101,288 

.841 

Coal/oll  aluccy 

Not 

evaluated 

Low  Btu  gasifier  raflt 

6 

187.517 

112.341 

.849 

>31 

128.846 

.740 

Packaged  ahall  ateker 

6 

166,890 

97,373 

.979 

>31 

113,239 

.842 

Packaged  shell  FBC 

6 

162,488 

78,115 

1.221 

18.2 

92,341 

Field  erected  stokac 

1 

158,332 

88,630 

1.064 

23.9 

104,194 

.915 

Field  erected  FBC 

1 

154,374 

71,929 

1.326 

14.7 

84,623 

1.124 

Pulvaclxed  coal  boiler 

1 

154,374 

81,256 

1.174 

20.3 

97,241 

.981 

Circulating  FBC 

1 

152.468 

76.471 

1.247 

17.6 

92.507 

1.031 

3:«S  PH  Oct  24,  lost 
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m:.  2  x  iso  Mstu/hr.  nnx  rt-al  pcAij^Ticm  »«  asp  ym 


Total  staaa  output  "  300. 0< 
Bolltr  capacity  factor  "  .710 
Husbac  of  unit*  foe  raflt  ••  2 
Uydeatad  llaa  pclea(3/ton)  ••  40.00 
Aih  dlapoial  prlea  <3/tcn)  "  10.00 
flaotrlc  prlea  (eanta/kWh)  ■*  3.30 
Labor  rata  (kS/yr)  ••  33.00 
Linaatona  prlea  (S/ton)  ••  20.00 

nnx  nuers 

.Vatural  taa  prlea  (3/KStu)  ••  2.03 
#2  OIL  prlea  (S/KBtu)  -  4.71 
«S  OIL  prlea  (S/KStu)  >  .00 
OmOHS 

Soot  blowar  eultlpllar  «  .0 
Tuba  bank  sod  eultlpllar  **  .0 
Bottoe  aah  pit  eultlpllar  "  1.0 
S02  control  eultlpllar  »  1.0 
LTMESTQKE/LIKE 

Inart  fraction  »  .03 


KBtu/hr 


COAL  momiTiis 

BtSoHv 

Aah  fraction  "  .139 
Sulfur  fraction  ••  .002 
UBV  (Btu/lb)  ••  7630. 
FUQ.  nUCES 

R.O.H.  coal  (S/KStu)  -  1.63 
Stokar  coal  (6/K3tu)  ••  2.16 
Coal/H20  elx  (S/KStu)  "3.00 
Coal/oll  elx  (3/KStu)  -  3.30 

Frleary  fual  la  3 
MATtmAL  CAS 

1>«6  Oil,  2lP2  oil,  3«t!a 


EOONOHIC  FAtUHETZSS 

Inflation  A  dlaeountlns  baaa  yaar  >  1986 
Can  Infla  Indax  (1087  to  baaa  yr)  *■  1.040 
Caa  Infla  Indax  (1066  to  baaa  yr)  ■■  1.000 
OIL  Infla  Indax  (1068  to  baaa  yr)  *  1.000 
Coal  Infla  Indax  (1088  to  baaa  yr)  **  1.000 
Frojaet  atart  yaar  ••  1990 
Frojact  Ufa  (yr)  ••  30 
Dapraelatlon  Ufa  (yr>  ••  IS 
Conaral  Inflation  rata  (X/yr)  *•  0 

Typa  of  s**  aacalatlon  *■  agaa 
Typa  of  oil  aacalatlon  ••  aoll 
Typa  of  coal  arcalatlon  acoal 
Dlacount  rata  (X/yr)  ••  10 
Rata  of  ratum  on  invaat  (X/yr)  ••  17 
.  xit  of  xorklns  capital  (month)  ••  2 
Fadaral  Incoma  tax  rata  (X)  ••  34 
Local  prop  tax  (&  Inaur)  rata  (X)  ••  2 


REAL  ESCAUTIOH  RATE  (I/vr) 


FUEL 

TTFE  OF  FUEL 

ESCALATION 

lose 

-1890 

1890 

-1995 

1093 

-2?00 

2000  AND 

BEYOND 

Caa 

agaa 

2.28 

4.70 

3,49 

2.73 

Oil 

aoll 

.17 

4.16 

3. 53 

2.77 

Coal 

acoal 

1.46 

1.76 

1.61 

.81 

3:32  m 

Oct  24,  1988 

St^Var 

.130 

.002 

7630. 
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ToCrL  itttta  output  ••  300.0  K3tu/hc  Coat  bait  ytar  "  3058 

BoUtE  capacity  faetoc  **  .710  Fclaacy  £u«l  ~  HATURAL  CAS 

Kusbtc  of  unlti  for  rtflt  •>  2 


AKHVAL  COSTS 


* 

mil 

FUEL 

TOT.IL 

KAXHT 

OTHER 

or 

STTAM 

PRICE 

aPlTAL 

FUEL 

0  &H 

0  &  H 

UiJl 

k5 

kS 

kS 

k5_ 

Hatural  |ai  bolllE 

— 

.800 

2.03 

.0 

4841.8 

443.2 

817.6 

#2  011  flrtd  bolltc 

— 

.800 

4.71 

.0 

11124.0 

443.2 

817.6 

.800 

.00 

.0 

.0 

.0 

.0 

HictonlstO  coal  ctflt 

2 

.800 

1.63 

8366.0 

3648.0 

724.1 

1373.6 

Slatslnt  bumac  raflt 

2 

.800 

1.63 

16026.4 

3640.0 

724.1 

1373.8 

Hodulac  FBC  caflt 

2 

.780 

1.63 

16331.6 

3686.7 

667.8 

1480.4 

StoVoc  firing  raflt 

2 

.740 

2.16 

16237.6 

3313.4 

1060.0 

1567.3 

Coalfuattr  slurry 

2 

.730 

3.00 

6606.0 

7336.1 

667.8 

1301.0 

Cotl/oll  slurry 

2 

.780 

3.30 

7726.6 

8476.7 

331.0 

1133.6 

_s_ 

nn 

UliUH 

3377.1 

Fscbaiad  ihtll  stoktr 

B 

.740 

2.16 

26976.7 

3313.4 

1060.0 

1806,2 

Packaeod  shall  FBC 

C 

.760 

1.63 

23087.4 

4032.3 

607.8 

1737.8 

Flald  ataetad  stokar 

1 

.780 

2.16 

24711.4 

3232.6 

1033.9 

1386.3 

Flald  araetad  FEC 

1 

.600 

1.63 

22300.6 

3648.8 

773.7 

1333.8 

Fulvarlsad  coal  bolltc 

1 

.800 

1.63 

28117,7 

3848.8 

1173.8 

1480.6 

-3802.4 

1470.6 

AIR  rcmcE  raOJECT _ private  CTOJECT 


TECHKOLOCY 

#  OF 

_VHITS  _ 

COAL 

USE, 

tonfwr 

LIFE 

CfCLE 

COST, 

OISCOUHTEO 

AS  SPEHT 

_ _ 

BEHEFIT/ 

COST 

RATIO 

DISCOUKTEO 

PAYBACK 

PERIOD, 

_ YS _ 

LIFE 

CYCLE 

COST, 

DISCOUHTEO 

AS  SPEHT 

kS 

BEHEFIT/ 

COST 

RATIO 

Hatural  gat  bollar 

— 

1.000 

<...  Existing  systaa,  primacy  fual 

iZ  Oil  flcad  bolltc 

— 

— 

— 

#6  011  flrad  bollar 

.. 

•  • 

■m 

»• 

Hlcconirad  coal  raflt 

2 

134,374 

61,850 

1.146 

14.3 

68,170 

1.038 

Slagging  lurnar  raflt 

2 

154,374 

67,338 

1.052 

22.0 

77,046 

.820 

Hodulac  FBC  raflt 

2 

136,328 

68,323 

1.034 

25.3 

79,303 

.892 

Stokar  firing  caflt 

2 

166,890 

85,776 

.826 

>31 

96,117 

.737 

Coal/watoc  slurry 

2 

164,663 

83,160 

.760 

>31 

100,032 

.708 

Coal/oll  slurry 

Hot  avaluatad 

Low  Btu  aasiflar  raflt 

6 

187.517 

111.355 

.636 

>31 

127.832 

.554 

Facksgad  shall  stokar 

6 

166,890 

86,486 

.734 

>31 

112,357 

.631 

Packaged  shall  FBC 

6 

162,488 

77,470 

.915 

>31 

91,878 

.771 

Flald  araetad  stokar 

1 

138,332 

68,798 

.798 

>31 

103,339 

.666 

Flald  araetad  FEC 

1 

154,374 

71,317 

.994 

>31 

84,194 

.842 

Pulvtrizad  coal  bolltc 

1 

154,374 

80,644 

.870 

>31 

86,011 

.733 

Clrculstlna  FEC 

1 

152.468 

75.867 

.034 

>31 

01.883 

_ J21 _ 

3:S2  PM  Oct  24.  1086 
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ttMTHPORF  AHI;  7,  X  150  Wtu/hr.  mt  HIA'.  RCAUTlOjt  -  Zm) 


Total  atatai  output  «  300.0 
Bollor  capacity  factor  ••  .716 
Kuabac  of  unlta  for  raflt  •<  2 
Itydcatad  Iloa  prlca(Sfton)  ••  40.00 
Aih  diapoaal  prica  (O/too)  «  10.00 
Blaetclc  prica  (canta/kWh)  ••  3. SO 
Labor  rata  (kS/yr)  ••  35.00 
Llmaatona  prica  (3/ton)  »  20.00 
rUEL  PRICES 

Natural  saa  prlco  (8/KStu)  ••  2.05 
#2  011  prica  (3/KStu)  ••  4.71 
#0  011  prica  (S/N3tu)  ••  .00 
OPTIONS 

Soot  blowar  aultlpllar  ••  .0 
Tuba  bank  cMd  eultlpllar  "  .0 
Bottoa  ath  pit  eultlpllar  *•  1.0 
S02  control  eultlpllar  *•  1.0 
UKESTOKE/LHS 

Inart  fraction  ••  .05 


H9tu/hr 


COAL  PSOPEXTIES 


R.Q.H. 

Aah  fraction  **  .130 

.130 

Sulfur  fraction  *■  .002 

.002 

HKV  (Btu/lb)  «  7650. 

7050. 

FUEL  PRICES 

R.O.H.  coal  (3/Katu)  ••  1.63 
Stoker  coal  (S/KBiu)  »  2.16 
Coal/1120  six  (3/H3tu)  "3.00 
Coel/oll  Btx  (S/KBtu)  •  3.50 

Prlaary  fuel  la  3 

NATURAL  CAS 

W8  Oil,  2«#2  Oil,  3-NC 


ECCHQKIC  PaXAKETESS 

Inflation  6  dlaeountlng  baaa  yaar  *■  13S3 
Can  Infla  Indas  (1007  to  baaa  yr)  *•  1.040 

Gaa  infla  Indax  (1080  to  baaa  yr)  ••  1.000 

Oil  Infla  Indax  (1688  to  baaa  yr)  *•  1.000 

Coal  InfU  Indax  (1080  to  baaa  yr)  •  l.OOO 

Projaet  atact  yaar  ••  1090 
Project  Ufa  (yr)  ••  30 
Dapraclation  Ufa  (yr)  «  IS 
Canaral  Inflation  rata  (X/yr)  ••  0 

Typa  of  t»a  aacalatlon  *•  xaro 
Typa  of  oil  aacalatlon  ••  xaro 
Typa  of  coal  aacalatlon  xaro 
Dlacount  rata  (X/yr)  ••  10 
Rata  of  return  on  Invaat  (X/yr)  •>  17 
Aaount  of  worklns  capital  (eonth)  ••  2 
Federal  Incooa  tax  rata  (X)  •>  34 
Local  prop  tax  (A  Inaiir)  rata  (X)  ••  2 


REAL  EfgAUTION  RATE  (X/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

1088 

-1090 

1990 

-1095 

1995 

-2000 

2000  AND 

BEYOND 

Gat 

ztro 

0 

0 

0 

0 

oil 

xaro 

0 

0 

0 

0 

Coal 

xtre 

0 

0 

0 

0 

3:59  EH 


Oct  24.  1068 


as 


nyamxr  afu;  ?.  t  lyo  wm/hr.  nmt,  «r^  ktcauttow  "  tm> 


Totkl  »l4ta  output  ••  300.0  K3tu/he 

Cost  bste  yeer  " 

1088 

Sollvc  c»p«etty  £«ctoc  " 

.710 

PrlBury  fuel  " 

HJVTURAL  CAS 

Kuab«r  oiC  units  {or  rsltt  ** 

2 

_ Am«m  COST? _ 

« 

im/ 

run. 

TOTAL 

HAIKT 

OTHER 

Or 

STtWl 

FRICC 

CAPITAL 

FUEL 

0  A  H 

0  A  H 

[liniaSI 

k$ 

kO 

kS  . 

. k? 

Kstucsl  SAs  bolltc 

— 

.609 

2.03 

.0 

4841.0 

443.2 

817.8 

*2  Oil  £U«<S  boll«r 

— 

.600 

4.71 

.0 

11124.6 

443.2 

617.6 

Oil  {lr•^  b^iUr 

.. 

.e«o  _ 

.00 

.0 

.0 

.0 

.0 

KicrontsAd  cosl  rtflt 

2 

.609 

1.63 

0386.0 

3640.0 

724.1 

1373.6 

SUsslng  bumsr  rsllt 

2 

.600 

1.63 

16928.4 

3840.0 

724.1 

1373.6 

HoduUr  FBC  csllt 

2 

.709 

1.63 

18331.6 

3698.7 

667.0 

1466.4 

Stoktr  firing  rsflt 

2 

.740 

2.16 

16237.6 

3313.4 

1669.0 

1367.3 

Cosl/wAttt  slurry 

2 

.7S0 

3.00 

6696.0 

7336.1 

>157.0 

1361.0 

CoAl/oll  slurry 

2 

.760 

3.30 

7726.6 

6476.7 

331.0 

1133.6 

8 

MM 

Kdrmi 

3877.1 

Pscksgsd  shtlL  stoktr 

0 

2.16 

26076.7 

3313.4 

1060.0 

1606.2 

PscksgAd  shsll  FBC 

6 

1.63 

23007.4 

4032.3 

657.0 

1737.6 

Flold  srsctsd  stoker 

1 

1^9 

2.16 

24711.4 

3232.0 

1033.0 

1306.3 

Field  erected  FBC 

1 

1.63 

22309.6 

3640.0 

775.7 

1338.8 

Fulverlsed  cosl  boiler 

1 

1.63 

28117.7 

3640.0 

1173.0 

1460.6 

Clrc.l.Mnrt  ?rC  \  MO _ l.M  _ W.O  U70.6 


A!R.rgP.9g.rF?,W _ mmt  toqtect 


TTOfmOteWY 

#  OF 

WITS. 

COAL 

USE, 

ton/vr 

LIFE 

CTCLE 

COST, 

DISCOUKTEO 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ Jtr _ 

LIFE 

cycle: 

COST, 

DISCOUKTEO 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO _ 

Hstursl  ges  boiler 

48,037 

1.000 

<-■ —  Existing  systea,  primary  fuel 

#2  011  fired  boiler 

” 

— 

07,003 

” 

#6  Oil  fired  boiler 

>« 

0 

.« 

Hlcronlxed  cosl  refit 

2 

134,374 

36,468 

.831 

>31 

62,636 

.767 

Slagging  burner  refit 

2 

134,374 

61,077 

.773 

>31 

71,332 

.872 

Kodular  FBC  refit 

2 

136,328 

63,093 

.762 

>31 

73,811 

.631 

Stoker  firing  refit 

2 

165,690 

78,004 

.613 

>31 

88,218 

.343 

Cosi/water  slurry 

2 

164,663 

62,633 

.381 

>31 

60,227 

.330 

Coal/oil  slurry 

Kot  evaluated 

6 

102.724 

.468 

>31 

404 

Packaged  shall  stokar 

6 

166,800 

88,814 

.341 

V31 

104,437 

.460 

Packaged  shall  FBC 

6 

162,498 

71,626 

.669 

>31 

86,074 

.338 

Field  erected  stoker 

1 

136,332 

61,310 

.390 

>31 

93,844 

.301 

Field  erected  FBC 

1 

134,374 

63,933 

.729 

>31 

78,679 

.611 

Pulverised  coal  boiler 

1 

134,374 

73,262 

.630 

>31 

01,097 

.328 

Clreulatln*  FPC 

1 

152.468 

70.571 

661 

>31 

88.439 

55P 

3:S9  FM  Oct  24,  19B8 


86 


UILL  AFB:  AFLC 


1.  BACKGROUND 

HlU  AFB  is  Lucaccd  near  Ogden,  Utah.  There  are  about:  13  steam 
planes  located  on  this  base,  with  plant  No.  260  being  by  far  the 
largest  fuel  user  (yearly  ave''agc  is  -115  HBtu/h).  Boiler  plant 
No.  825  is  the  second  largest  fuel-using  heating  facility,  but  it  is 
probably  too  small  for  coal  co  be  an  economic  option. 

Boilers  at  both  heating  plants  arc  uatcr-tube-type  units  which 
produce  100  psi  steam  and  are  designed  for  distillate  oil  and 
natural  gas-firing.  Natural  gas  is  presently  the  primary  fuel. 

2.  HEATING  l‘I.ANT  UNITS 

Heating  Blanc  No.  260; 

2  X  28.5  MBtu/h,  Cleaver  Brooks,  1975 
A  X  33.5  HBtu/h,  Union  Iron  Works,  1955 

2  X  33.5  HBtu/h,  Eric  City,  1962 

Heating  plant  No.  825: 

3  X  AO. 2  HBtu/h,  Hurray  Iron,  1957 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel  use  data  for  plant  No.  260. 


Fuel 

input 

(HBtu/h) 

FY  1985 
idcol 
capacity 
factor 

30 

0.83 

50 

0.81 

70 

0.75 

90 

0.71 

120 

0.67 

150 

0.6A 

180 

0.61 

A.  ENERGY  PRICES 

FY  1986  Price  Data; 

Electricity  =  5.2c/kWh 
Distillate  =  $5.92/HBtu 
Natural  gas  =  $2.85/HBcu 
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C.  H.  Guernsey  and  Co.  Sur 

Electricity  “  none  given 
Distillate  «  $5.63/HBtu 
Natural  gas  “  $2.97/HBtu 

5.  COAL  PROPERTIES  AND  PRICES 


Stoker 

ROM 

Origin 

Ogden,  Utah 

Ogden,  Utah 

HHV,  Btu/lb 

11,900 

11,650 

Z  Ash 

8 

8 

Z  Sulfur 

0.6 

0.6 

Z  Nitrogen 

1.4 

1.4 

Ash-softening  temperature,  * 

F  2300 

2300 

Swelling  index 

2-2.5 

2-?..  5 

Top  size,  in. 

1  1/2 

2 

Bottom  size,  in. 

1/4 

0 

Fines,  Z 

7 

35 

Grindability  index 

48-50 

48-50 

Cost  at  mine,  $/ton 

23 

20 

Delivered  cost,  $/ton 

31 

28 

Energy  cost,  ?/10®  Btu 

U30 

1.20 

ENVIRONMENTAL  REGUUTIONS 

6.1  Air  Pollution  Emission 

Limits  for  New  Sources 

Best  Available  Control 

.  Technology  (BACT) 

is  required  on  all 

sources  for  all  types 

of  air  emissions. 

The  EPA  New  Source 

Performance  Standards 

are  considered  as 

the  minimum  control. 

and  BACT  may  be  more  s 

tringent.  This  is 

determined  on  a  case- 

by-case  basis. 

6.2  Coal-Pile  Runoff 

The  coal  pile  will  have  to  >.e  contained 

within  the  property. 

and  the  runoff  will  have  to  drain  into  a 

wastewater  system  (or 

pond)  for  treatment. 

No  discharge  into 

rivers  will  be  per- 

rnicted. 

6.3  Ash  Disposal 

There  are  no  specific  rules  for  coal  ashes,  and  they  may  be 
disposed  of  in  an  approved  sanitary  landfill. 

7 .  OTHER  CONSIDERATIONS 

A  study  should  be  done  to  see  if  some  of  the  smaller  steam  plants 
could  be  eliminated  by  using  a  better  steam  distribution  system. 
Air-quality  constraints  appear  to  be  strict. 
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8.  COAL-CONVERSIOW  PROJECT  OUTLOOK 

The  mosc  probable  projecc  for  plant  No.  260  would  involve  refit/ 
replacement  of  three  33.5-HBcu/h  boilers.  The  boilers  would  have  to 
be  derated  to  25  HBtu/h  each  because  they  were  originally  designed 
for  No.  2  oil.  Low  gas  prices  will  probably  prevent  any  coal  con¬ 
version  project  from  being  economical  at  this  time. 

An  overall  load  factor  of  about  6AZ  is  estimated  for  rcfit/replace- 
ment  of  three  25-MBtu/h  units  (equivalent  to  -9<i  MBtu/h  total  fuel 
Input),  assuming  90Z  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  Since  the  best  available  Control  Technology  is  required, 
90Z  SO;  reduction  will  be  required  for  dry  coal  combustion,  or 
deep-cleaned,  coal-water  mixture  will  be  required. 

NO^.  Measures  will  have  to  be  taken  to  minimize  NOj.  for  any  of 
the  combustion  technologies  employed. 

Particulates.  Bag  filters  or  electrostatic  precipitators  will 
be  required. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally  de¬ 
signed  for  No.  2  oil.  There  is  only  enough  space  available  for 
installing  coal-water-mixture  combustion  equipment  at  the 
existing  boiler  or  for  construction  of  a  new  boiler  at  another 
site  on  base. 

Coal-Handling  Equipment.  There  is  no  space  available  for 
installing  dry  coal-handling  equipment  at  the  existing  boiler 
plant,  but  there  is  enough  space  for  installing  coal-water- 
mixture  equipment. 

Coal  Pile.  There  is  no  available  space  for  a  coal  pile  at  the 
existing  boiler  plant,  but  there  is  space  at  another  site  on 
base  for  a  coal  pile  and  a  new  coal-fired  boiler. 

8.3  Technical  Risk  of  Combustion  Technologies 


The  existing  boilers  are  designed  for  No.  2  oil-  or  gas-firing 
and  therefore  are  only  suitable  for  conversion  to  coal-water- 
mixture  firing.  The  technical  risk  is  fairly  high  because  of 
limited  experience  of  coal-water-mixlure  firing  of  No.  2  oil- 
designed  boilers. 


COGENERATION  PROJECT  OUTLOOK 


The  prospects  for  a  ccaL-fired  cogeneration  system  appear  to  be 
somewhat  marginal.  The  base  has  a  high  minimum  (Aonthly  average 
electric  load,  15  MWe,  but  the  price  of  electricity  is  moderate 
(5.2c/k.Vh).  Based  on  the  FV  1986  energy-use  data,  a  cogeneration 
plant  with  a  boiler  rating  of  91-HBtu/h  output  and  a  6.7-HWe  turbine 
generator  wo>'id  have  an  electrical  power  capacity  factor  of  90X  and 
a  peak  thermal  output  of  68  KBtu/h,  with  a  thermal  energy  capacity 
factor  of  about  65Z  if  used  as  a  baseload  heating  plant.  A  water- 
tube  boiler  with  a  steam  rating  of  1450  psia  and  950*F  would  be  the 
most  suitable  boiler  for  this  cogeneration  system. 
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10.  IKrUT  AKD  LCC  SUttMtY  snsAOSHms 


Total  ateaM  output  73.0 

K8tu/hr 

Soilar  capacity  factor  *•  ,633 

Ruaber  of  unite  for  refit  ••  3 

Sydrated  Itaw  price(3/ton)  <■  AO. 00 

COAL  raormir 

Aah  diapoaal  price  (8/ton)  ••  10.00 

R.O.K. 

Siskai 

electric  price  (centa/)iWh)  ••  3.20 

Aah  fra<  on 

-  .080 

.080 

Labor  rate  (k8/yr)  "  33.00 

Sulfur  fr*  .on 

-  .ooe 

.008 

Limeetone  price  (8/ton)  »  20.00 

HHV  (r  ,lb) 

11630. 

11800. 

run.  mcES 

piflx  nu( 

Katural  gea  price  (S/K8tu)  ••  2.87 

R.O.K.  coal  (  ettu) 

1.20 

«2  Oil  price  (8/KBtu)  «  A. 71 

Stoker  coal  ^j.KBtu) 

-  1.30 

#6  Oil  price  (8/KBtu)  •*  .60 

Coal/H20  mix  (3/HBtu) 

-  3.00 

ORTOHS 

Coal/oil  mix  (S/HBtu3 

>■  3.30 

Soot  blower  Bultlpller  ••  1.0 

Tuba  bank  mod  oailtlplier  “  1.0 

Primary  fuel  la  3 

Bottoa)  aah  pit  multiplier  ••  1.0 

KATURAL  CAS 

S02  control  multiplier  ••  1.0 

W6  Oil,  2“d2  Oil,  3-HO 

LIHCSlt«K/LTME 

Inert  fraction  *•  ,03 

BOOMOKIC  rAUHCmS 

InClttlon  &  difcountlnc  bi*«  y««t  ■■  1888 
G«n  InYU  index  (1887  to  bate  ye)  l.OtO 

C«s  ln£l«  index  (1888  to  bate  ye)  1.000 

Oil  ln£la  index  (1889  to  bate  yr)  •*  1.000 

Coal  intla  index  (1888  to  baaa  yc)  ■*  1.000 

Project  atact  year  *■  1880 
Project  life  (yr)  -  30 
Depreciation  life  (yr)  ••  1' 
General  Inflation  rate  (Z/yc)  ■*  0 

Type  of  tea  aacalation  ■■  esaa 

Type  of  oil  aacalation  eoll 

Type  of  coal  aacalation  ■■  acoal 
Diacount  rata  (Z/yr)  ••  10 
Rate  of  return  on  inveat  (Z/yr)  ••  17 
Aaount  of  worlclns  capital  (month)  ••  2 
Federal  income  tax  rata  (Z)  ••  3e 
Local  prop  tax  (&  inaur)  rate  (Z)  ••  2 


REAL  ESCALATIOH  RATE  (Z/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

1888 

-1880 

1890 

-1985 

1993 

-2000 

2000  AND 

BEYOND 

Gaa 

•Sas 

3.88 

8.87 

5.77 

5.77 

Oil 

eoll 

A. 86 

7.87 

A. 16 

A. 16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

A:S8  PM 

Oct  19,  1988 
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BTU.  AM!  3  X  Z3  Wtu/hr.  gOWOHIC  TAUIvmS  *  ICTffllAL  tALUB 
Total  ataaai  output  «  73.0  K8tu/hc  Coat  baae  yaac  "  ISM 

Bollac  capacity  factor  «  .633  TrlMxy  futl  »  XATVXAL  CAS 

XuMbar  of  unlta  for  raflt  *>  3 


« 

TVllI 

FUEL 

TOTAl 

HA7MT 

OTHER 

or 

STEAM 

PRICE 

aPlTAL 

FUEL 

0AM 

0  A  H 

kS 

k3 

kS 

kS 

Xatural  (aa  botlar 

— 

.600 

2.87 

.0 

13*8.8 

206.8 

333.6 

#2  011  flrad  bollar 

a«a» 

.100 

*.71 

.0 

2*36.2 

208.6 

333.6 

... 

.00 

.0 

.0 

.0 

.0 

Mteronlxad  coal  raflt 

3 

.800 

1,20 

3**9. 3 

623.  a 

**0.6 

033.9 

Sla(|lnt  buntar  raflt 

3 

.800 

1.20 

8887.9 

623.8 

**0.8 

933,0 

Modular  FBC  raflt 

3 

.790 

1.20 

10033.0 

633.7 

*03.3 

903.2 

Stokar  flrlnt  raflt 

3 

.710 

1.30 

8072.0 

732.9 

630.7 

Coal/watar  alurry 

3 

.730 

3.00 

3*11.* 

1660.8 

*03.5 

802.2 

Coal/oll  alurry 

3 

.780 

3.30 

MS3.0 

1872.0 

322.9 

738.2 

1.30 

■IUh-H 

[Toni 

37*. 0 

1310.5 

Fackaiad  ahall  atokar 

2 

.7*0 

1.30 

77*7.1 

732.9 

630.7 

860,1 

Packaiad  ahall  FBC 

2 

.760 

1.20 

7263.3 

636.7 

*03.3 

8**.0 

Flald  aractad  atokar 

1 

.780 

1.30 

10138,7 

603.3 

628.2 

730,3 

Flald  aractad  FBC 

1 

.800 

1.20 

82*3.3 

623.8 

*70.9 

7**. 7 

Fulvarlaad  coal  bollar 

1 

.800 

1.20 

113*3.3 

623.6 

701.0 

802.7 

1 

■  ..,819..., 

_1.20.. 

600.6 

AIR  Ttmt  raQ3ECT _ fRIVATE  FROJtCT. 


TECHHOIOOY 

9  OF 

WITS 

COAL 

USE. 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUHTEO 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PATBACK 

PERIOD, 

_ yr _ 

LIFE 

CYCLE 

COST. 

DISCOUHTEO 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO 

Katural  s**  bollar 

— 

33,218 

1.000 

<*—  Exlatlng  ayatam,  primacy  fual 

92  011  flrad  bollar 

— 

— 

*3, *22 

— 

... 

— 

0 

— 

Hlcronlxad  coal  raflt 

Hot  appllcabla  bacauaa  of  apaca  llmltatlona 

Slagglns  buntar  raflt 

Hot  appllcabla  bacauaa  of  apaca  llmltatlona 

:iodular  FBC  raflt 

Rot  appllcabla  bacauaa  of  apaca  llmltatlona 

Stokar  firing  raflt 

Hot  appllcabla  bacauaa  axlatlng  bollara  wc.’a  daalgnad  for  92  oil 

Coal/watar  alurry 

3 

23,87* 

28,939 

1.110 

22.0 

33. *20 

.99* 

Coal/oll  alurry 

Hot  avaluatad 

iDolicabla  bacauaa  of  aoaca  limitations 

Peckagad  sh'jll  atokar 

Z 

23,668 

23,390 

1.298 

13.0 

30,083 

1.10* 

Packagad  ahall  FBC 

2 

23,330 

22,338 

l.*86 

11.0 

26,526 

1.252 

Flald  aractad  atokar 

1 

22, *73 

26,333 

1.260 

16.8 

32,0*5 

1.037 

Flald  aractad  FBC 

1 

22,382 

23,300 

l.*l* 

13.0 

28,66* 

1.159 

Pulvarlzad  coal  bollar 

1 

22,382 

27,909 

1.190 

18.3 

34,317 

.968 

Clreulatinx  FBC 

1 

22.105 

2*. 82* 

1.338 

15.1 

30.9*9 

1.07.3 

A:S8  EM  Oct  19,  1988 
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ToiiL  st«*ta  oucput  »  : 
Dollar  capacity  factor  •• 
Kusbor  of  units  for  refit  ••  : 
Uydrstsd  iiot  price(i$/ton)  •• 
Ath  disposal  pries  (S/ton)  * 
Slsctric  pries  (esnts/lWh)  *• 
labor  rats  (kS/yr)  ■ 
lluostons  pries  <S/ton)  *•  : 

run.  nucES 

Natural  tas  pries  (S/KStu)  •• 
#2  Oil  pries  (S/K9tu}  ■ 
ti  Oil  pries  (O/KStu)  •• 
omoKS 

Soot  blowsr  CMltipllsc  « 
Tubs  bank  eod  aultlplisr  « 
Sottoa  ash  pit  tsultlplisr  >* 
S02  control  eailtlplisr  > 
LlMESTtWE/irME 

Inert  fractlcr  « 


KBtu/hr 


COAL  noratTiis 


Ash  fraction  **  .080 
Sulfur  fraction  "  .006 


miv  <8tu/lb)  x  )16S0. 
run.  nucss 

R.O.H.  coal  (S/HStu)  ••  X.20 
Stoker  coal  tS/KStu)  -  1.30 
Coal/H20  wlx  (S/tiStu)  ••  3.00 
Coal/oil  Mix  (S/KStu)  >  3.30 

rrloMcr  fuel  is  3 
NATURAL  GAS 

W6  Oil,  2»#2  Oil,  3-NO 


)i6So.  iieoo. 


rcONOHlC  PARAieiBCr. 

Inflation  &  disecuntlns  hsss  year  1688 
Can  Infla  index  (1087  to  bass  ye)  ••  l.OAO 

Gas  infla  index  (1688  to  bate  yr)  «  1.000 

Oil  infla  Index  (1988  to  baas  yr)  «  1.000 

Coal  infla  index  (1088  to  baas  yr)  ••  1,000 

Project  start  year  ••  1680 
Project  life  (yr)  ••  30 
Dspreeiation  life  (yr)  <•  IS 
General  Inflation  rate  (Z/yc)  -  0 

Type  of  srs  escalation  ••  eias 
Type  of  oil  saceletion  -  soil 
Type  of  coal  escalation  -  ecoal 
Discount  rats  (Z/yr)  ••  10 
Rats  of  return  on  invest  (Z/yr)  ••  17 
AMunt  of  working  capital  (oonth)  ••  2 
Federal  inc  -as  tax  rate  (Z)  ••  3e 
Local  prop  tax  (-1^  insur)  rat-s  (Z)  ••  2 


FUFX 

TYPE  OF  FUEL 

ESCAUTIOU 

1688 

-1990 

1680 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Css 

egas 

2.28 

1.70 

3.19 

2.75 

Oil 

soil 

.17 

1.16 

5.33 

2.77 

Coal 

ecoal 

1.16 

1.76 

1.61 

.81 

3:01  PH  Oct  16,  1988 
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BILL  ATC:  3_X  25  Wtu/hr.  yVH.  MAJ,  RSCAUTinw  ?_Ag?_1897 
Totnl.  •Uta  output  75.0  K8tu/hc  Cost  bsst  y«sc  ••  19S8 

Bolisc  e*l>solty  tsetcc  <*  ,633  Prlissry  fuel  ••  HATURAL  CAS 

Huabsr  ot  units  ior  tsilt  "  3 


ARWAL  COSTS 


# 

or 

tschsoiocy _  imiTs 

FUEL/ 

STEAM 

Err 

FUEL 

FRICS 

s/ratu 

total 

CAFITAL 

V8 

FUEL 

VS 

KAIKT 

CAM 

kS 

OT«EX 

0  A  H 

kO 

Nstursi  |ss  boltsr 

— 

.600 

2.97 

.0 

13*8.6 

206.8 

333.6 

*2  011  tUsd  bollsr 

— 

.600 

A.71 

.0 

2*36.2 

205.8 

333.6 

... 

.00 

.0 

.0  _ 

.0 

.0 

Hlctonlxsd  cost  toilt 

3 

.800 

1.20 

3*49.3 

623.8 

**0.6 

033.0 

SlsKilnt  bumtr  rsilt 

3 

.800 

1,7.0 

8867.0 

623.8 

**0.8 

933.0 

Kodulac  F8C  csClt 

3 

.790 

1.20 

10033.0 

633.7 

*03.3 

003.2 

Stoksr  flrln«  itCit 

3 

.7A0 

1.30 

8072.0 

732.9 

630.7 

023.6 

Cosl/wstsr  « lurry 

3 

.730 

3.U0 

3*11.* 

1668.8 

*03.3 

Cosl/oll  slurry 

3 

.760 

3.30 

**33.0 

1672.0 

322.0 

738.2 

3 

.659 

1.30 

■lliM 

374.0 

Fsekstsd  sholl  stoktr 

2 

,7*0 

1.30 

77*7.* 

732.9 

630.7 

860.1 

Fsekagsd  sh*ll  FBC 

2 

.760 

1.20 

7263.3 

638.7 

*03.3 

8*4.0 

Fitld  srsetad  stokar 

1 

.780 

1.30 

10136.7 

603.3 

628.2 

730.3 

riald  acscLod  F8C 

1 

.800 

1.20 

02*3.3 

623.8 

*70.0 

7*4.7 

Fulvsrlssd  coil  boiUf 

1 

.600 

1.20 

113*3.3 

623.6 

701.0 

802.7 

nRSTEMilHTMiHi 

JL. 

1.20 

Bn!SV 

*aLiL__ 

600.8 

TECHSOLOCY 

t  OF 

UHITS . 

ca*L 

USE, 

ton/vr 

_ AIR  rCRCE.PROOECT _ 

_ FRIVATE  FROJECT _ 

LIFE 

CYCLE 

COST, 

DISCOUHTEO 

AS  SPEHT 

_ kS _ 

BEHEFIY/ 

COST 

RATIO 

DISCOUHTEO 

PAYBAOC 

PERIOD . 

yr _ 

LIFE 

CYCLE 

COST, 

DISCOUHTEO 

AS  SPEHT 

_ _ _ 

BEHEFIT/ 

COST 

Hatural  gas  bollsr 

mmm 

1.000 

<—  Existing  systsm,  primary  fuel 

tZ  Oil  flrsd  bollsr 

— 

— 

— 

#6  011  flrsd  bollsr 

sase 

... 

■m 

— 

Hlctonlxsd  coal  rallt 

Kob  appllcabls  bscauss  of  spacs  llaltatlons 

Slagging  bumar  rsflt 

Hot  appllcabls  bscauss  of  spacs  limitations 

Kodular  FBC  csElb 

Hot  appllcabls  bscauss  of  spacs  limitations 

Stoksr  firing  rsflt 

Hot  appllcabls  bscausit  sxlstlng  bollsrs  wars  dsslgnsd  for  #2  oil 

Coal/wabsr  slurry 

3 

23,87* 

20,673 

.833 

>3i 

33,1*7 

.766 

Coal/oll  slurry 

Hot  svaluatid 

Low  Btu  Kssiflsr  rsfit. 

Hot 

■colleabls  bscauss  of  scacs  limitations 

Packagsd  shall  stoksr 

2 

23,688 

25,473 

.006 

>31 

29,063 

.8*7 

Packagsd  shall  FBC 

2 

23,360 

22,23* 

1.1*1 

16.7 

26,410 

.061 

Flsld  srsebsd  stoksr 

1 

22,473 

26,2*4 

.967 

>31 

31.931 

.795 

Flald  cractad  FBC 

1 

22,382 

23,*no 

1.085 

20.8 

28,362 

.880 

Pulvsrlxad  coal  boiler 

1 

22,382 

27,t''9 

.913 

>31 

34,21* 

.7*2 

Clrculatinx  FBC 

1 

22.105 

24.726 

1.026 

26.9 

30.8*8 

.823 

S;0t  m  Oct  19,  1988 
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aiLL  Anr_3  X  25  mt>i/dr.  rUlL  MAL  tSCAUnCjl  ■»  mio 


Tot4l.  tt***  outp<it  •  7S,0 
Boll«t  eiptelty  {•ctoc  <•  ,633 
Kiwiitr  o£  unlit  tor  ctfli  ••  3 
Sydtaltd  Ileo  prle«(S/lon)  ••  40.00 
Aah  dltpotal.  ptlct  (O/ion)  ••  10.00 
Cltcirle  ptlct  {etnCf/kVih}  ••  3.20 
labor  rale  (kO/yt)  *•  33.00 
Llnationn  prtea  (S/ten)  ••  20.00 

run.  HUOEs 

KaluraL  tat  prlct  (3/KBlu)  •>  2.07 
f2  Oil  pslet  <3/KSlu)  -  4.71 
#0  Oil  prlea  (S/KSlu)  •«  .00 

omoiis 

Sooi  blower  aaililpllar  "1.0 
Tuba  bank  ao4  pullipllar  »  i.O 
Bollot)  ath  pll  aulllplltr  ••  1.0 
S02  eonlroL  aulllplltr  «  1.0 
LlHESTOm/LIHE 

Intrl  Tracllon  ••  .03 


K8iu/h? 


COAL  monxTixs 

B.O.H. 

Ath  fraeilon  >*  .010 
SulTur  ftAclion  >  ,006 
nav  (Biu/ib)  w  11630. 
nncL  nucis 

R.O.H.  coal  (B/Klb  1  ••  1.20 
fSioktr  coal  (B/KBiu)  »  1.30 
Coal/K20  alx  (3/Hllu)  •>  3.00 
Coal/oll  alx  (9/KBiu)  ••  3.30 

rclaaxy  fuel  la  3 
KATURAL  CAS 

W6  Oil,  2-#2  OH,  3-M3 


nXHOKIC  rAXAHETJlUS 

Inllallon  A  dltcounllnt  bate  year  ••  1066 
Can  Infla  Index  (1087  lo  bate  yr)  ••  1.040 

Cat  ln£la  Index  (1088  to  bate  yr)  ••  1,000 

OIL  ln£la  Index  (1066  10  bate  yr)  >•  1.000 

Coal  ln£la  Index  (1086  lo  bate  yr)  «  1.000 

Project  tlact  year  ••  1000 
Project  life  (yr)  -  30 
Depreciation  11£*  (yr)  ••  13 
Ceneral  ln£lablon  rale  (2/yr)  ••  0 

Type  o£  gat  atcalallon  <>  zero 
Type  o£  oil  etctlallon  ••  zero 
Type  o£  coal  atcalallon  '<  xeto 
Dlicount  rate  (Z/yr)  ••  10 
Rale  o£  relum  on  Inveat  (Z/yr)  «•  17 
Amount  o£  working  capital  (aonth)  ••  2 
Federal  Incoaa  tax  rata  (Z)  ••  34 
Local  prop  tax  (&  inaur)  rata  (Z)  ••  2 


_ RgAL. ESCALATION  RATE  (Z/vr) 

TYPE  OF  FUEL  1088  1000  1003  2000  AND 


lluTBi 

-1990 

z«ro 

0 

0 

0 

0 

oil 

i«ro 

0 

0 

0 

0 

Coal 

ziro 

0 

0 

0 

0 

SiOktE 

.080 

.306 

11000. 


3:09  FM 


Oct  19,  1088 
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BiiA.Ans.-.^i.».wv^/hr>  ja?tt.jiaaij5^^  «  ag» 

Tot«l  »t«Mi  outjiut  ••  73.0  KSM/hc  Coat.  b*t«  y««r  **  1811 

Boiler  eipielty  (actor  ••  .633  frlatry  (utl  **  XATtlBAL  CAS 

Kiabac  o(  unlta  (or  t«(lt  •*  3 


* 

mi/ 

run 

TOTAL 

HAIW 

OTKIX 

0? 

STEAH 

FRICE 

CAFXTAL 

mt 

0  it  H 

0  6H 

k5 

V3 

kS 

k5 

Katural  (at  bolUr 

— 

.880 

2.97 

.0 

1311.8 

206.8 

333.6 

#2  Oil  (lead  boUar 

— 

.880 

A. 71 

.0 

2130.2 

206,8 

333.6 

.... 

RXl'l 

.00 

.0 

,0 

.0 

Mlcrontcad  coal  cadt 

3 

.630 

1.30 

3148.3 

623.8 

110. a 

833.9 

Slattlnt  bumar  cadt 

3 

.800 

1.20 

1857.8 

623.1 

110.8 

933.9 

Hodular  FBC  radt 

3 

.700 

1.20 

10033.0 

633.7 

103,3 

803.2 

Stokac  drtr.s  radt 

3 

.7A0 

1.30 

8072.0 

732.9 

63d.7 

923.8 

Coal/watar  alurcy 

3 

.730 

3.00 

3111.1 

1688.8 

103.3 

802,2 

Coal/oll  alurry 

3 

.780 

3.30 

1133.0 

1972.0 

222.9 

738.2 

JL_ 

1.30 

UmKI 

imn 

BuhSI 

1310.5 

fackacad  ahall  atokar 

2 

.710 

1.30 

7717.1 

732.8 

630.7 

850.1 

Fackatad  ahall  FBC 

2 

.760 

1.20 

7263.3 

631.7 

105.3 

811.0 

Flald  afactad  atokar 

1 

.780 

1.30 

10138.7 

693.3 

628,2 

730.3 

riald  aractad  FSC 

1 

.800 

1.20 

9213.3 

623,8 

170.9 

711,7 

Fulvarlaad  coal  hollar 

1 

.800 

1.20 

11313.3 

623.6 

701.0 

802,7 

_1 _ 

■hI 

■rm 

AIR  met  nOitCT _ raiVATE  raOJECT, 


TECHROLOCY 

#  OF 

WITS 

COAL 

USE. 

lon/vr 

LIFE 

CYCLE 

COST. 

DISCOU.STEO 

AS  SFEKT 

VS 

BEKEFXT/ 

COST 

.  RATI'-- 

DXSCOUKTEO 

FAYBACK 

FERIOO, 

_ yr _ 

LIFE 

CYCLE 

COST, 

DXSCOUKTEO 

AS  SFEKT 

_ kS _ 

BEKEFXT/ 

COST 

_ RATIO 

Katural  eaa  hollar 

16,089 

1.000 

Exlating  ayataa,  primary  (ual 

#2  011  dead  hollar 

“ 

— 

23.118 

— 

.. 

0 

— 

Hleronlaad  coal  cadt 

Kot  appllcabla  baeauaa  o(  apaca  llaltatlona 

Sla|(ln(  bumar  radt 

Kot  appllcabla  baeauaa  o(  apaca  llaltatlona 

Hodular  FBC  radt 

Kot  appllcabla  baeauaa  o(  apaca  llaltatlona 

Stokac  drlnt  radt 

Hot  appllcabla  baeauaa  axlatint  bollara  vara  daalgnad  (or  82  oil 

Coal/Matar  alurry 

3 

23,071 

27,319 

.661 

>31 

30,757 

.386 

Coal/oll  alurry 

Kot  avaluatad 

Fackagad  ahall  atokar 

2 

23,686 

21,133 

.710 

>31 

26,813 

.628 

Fackatad  ahall  FBC 

2 

23,360 

21,336 

.816 

>31 

23,175 

.710 

Flald  aractad  atokar 

1 

22,173 

23,276 

.716 

>31 

30,933 

.385 

Flald  aractad  FBC 

1 

22,362 

22,329 

.803 

>31 

27,666 

.631 

Fulvarlaad  coal  hollar 

1 

22,382 

26,936 

.672 

>31 

33,318 

.313 

_ 1 _ 

22.105 

23.865 

■  7?8 

>31 

29.963 

.601 

3:09  EM  Oct  19,  1988 
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XKLLY  AFB;  AFLC 


1.  QACKCKOUND 

Kelly  AFB  is  located  near  San  Anconio,  Texas.  The  central  heating 
plant  (building  No.  376)  has  five  water-tube  boilers  that  burn 
natural  gas  or  No.  2  oil  as  the  backup  Fuel;  125-psl  steam  is  pro¬ 
duced.  The  yearly  average  fuel  use  is  about  59  HBtu/h.  Boiler 
efficiency  is  79-82X.  No  boilers  were  designed  for  coal.  All  other 
boiler  plants  at  Kelly  are  too  small  for  consideration. 

2.  HEATING  P1.ANT  UNITS 

Heating  Plant  No.  376: 

2  K  5A.S  HBtu/h,  Babcock  &  Wilcox,  1971 
A9.6  KBtu/h,  Babcock  &  Wilcox,  1976 
2  X  50  HBtu/h,  Vogt,  195A 

3.  ideal  capacity  factor  analysis 

Tnc  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  For  plant  No.  376. 


FY  1985 

Fuel 

ideal 

input 

capacity 

(HBtu/h) 

factor 

AO 

0.99 

50 

0.95 

60 

0.87 

70 

0.80 

80 

0.72 

90 

0.65 

100 

0.59 

ENERGY  PRICES 

FY  1986  Price 

Data: 

Electricity  = 

5.2c/kWh 

Natural  gas  = 

$3.88/HBtu 

C.  H.  Guernsey  and  Co.  Survey 

Electricity  =  S.lc/kWh 
Natural  gas  =  SA.O/HBtu 
Distllate  oil  =  $5.88/HBtu 
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5.  COAL  PROPERTIES  AND  PRICES 


Stoker 

ROM 

Origin 

Laredo,  Tex. 

Laredo,  Tex 

HUV,  Btu/lb 

12,900 

12,300 

Z  Ash 

10-12 

12 

X  Sulfur 

1-1.5 

1.1-5 

X  Nitrogen 

Ash-softening  temperature,  *F 

2250 

2250 

Swelling  index 

0 

0 

Top  sixe,  in. 

1  3/8 

2  1/2 

Bottom  sixe,  in. 

1/8 

0 

Fines,  X 

10-15 

15 

Crindabiliey  index 

28 

28 

Cost  At  mine,  $/ton 

40 

35 

Delivered  cost,  ^/ton 

51 

A6 

Energy  co*-t,  $/10*  Btu 

1.98 

la87 

6.  BjiVIRONHENTAL  RECUUTIONS 

6.1  Air  Pollution  Emission  Limica  for  New  Sources 

SO,.  For  boilem  <100  KBCu/h:  3  Ib/HBcu;  for  boilers  >100 
HBcu/h:  FBC  -  90X  reduction  to  meet  limit  of  1.2  Ib/MBtu; 
emerging  technology  -  SOX  reduction  to  meet  limit  of 
0.6  lb/H8tu. 

NO^.  No  emission  Limits  for  boilers  <100  HBtu/hj  for  boilers 
>100  HBcu/h:  spreader  stoker  snd  FBC  -  0.6  Ib/HBtu;  pulverised 
coal  -  0.7  Ib/HBtu. 

Particulates.  For  50  KBtu/h:  0.3  Ib/HBtu;  for  boilers  >100 
MBtu/h;  oT05  Ib/HBtu. 

6.2  Coal-Pile  Runoff 

Limit;  Total  suspended  solids  -  50  mg/L. 

6.3  Ash  Disposal 

In  most  cases,  coal  ash  is  classified  as  nonhazardous  solid 
waste  and  may  be  disposed  of  in  an  approved  sanitary  landfill, 
with  approval  by  the  State. 

7.  OTHER  CONSIDwRATlONS 


None. 
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8,  COAI.-CONVERSIOH  PRrjECT  OUTLOOK 

The  most  Likely  project  would  be  to  re£lt/repLace  one  boiler  unit* 
Existing  boilers  were  designed  for  distillate  oil  and  natural  gas, 
which  may  make  refitting  an  existing  boiler  for  coal-firing  quite 
difficult,  unless  it  is  derated. 

If  one  of  the  54.S-HBtu/h  units  were  converted  to  coal  and  derated 
to  43.5  HBtu/h  Output  (-54.5  HBtu/h  fuel  input),  the  maximum  capac¬ 
ity  factor  based  on  monthly  data  would  be  roughly  91Z.  Xf  equipment 
availability  is  assumed  to  be  90Z,  the  overall  capacity  factor  would 
be  somewhere  near  822. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,  and  HO;;.  Any  of  the  combustion  technologies  being  consid 
ered  could  be  employed  (with  1.52  sulfur  coal)  without  requir¬ 
ing  any  measure^  for  HO^  or  SO,  reduction  because  the  proposed 
conversion  project  is  smaller  than  100  HBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  No.  2  oil.  There  is  only  space  available  for 
installing  coal-uatcr-mixturc  combustion  equipment  at  the 
existing  boiler  or  for  construction  of  a  new  boiler  at  another 
sice  on  base. 

Coal-Handling  Equipment.  There  is  no  space  available  for 
installing  dry  coal-handling  equipment  at  the  existing  boiler 
plant,  but  there  is  enough  space  for  installing  coal-water- 
mixture  equipment. 

Coal  Pile.  There  is  no  space  available  for  a  coal  pile  at  the 
existing  boiler  plant,  but  there  is  space  at  another  site  on 
base  for  a  coal  pile  and  a  new  coal-fired  boiler. 

8.3  Technical  Risk  of  Combustion  Technologies 

The  existing  boilers  are  designed  for  No.  2  oil-  ov  gas-firing 
and  therefore  are  only  suitable  for  conversion  to  coal-water- 
mixeure  firing.  The  technical  risk  is  fairly  high  because  of 
limited  experience  with  coal-water-mixture  firing  of  No.  2  oil- 
designed  boilers. 
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P.  COGENERATION  PROJECT  OUTLOOK 

The  prospects  for  a  coal-£ired  cogeneration  plant  appear  to  be  some¬ 
what  marginal.  The  base  has  a  high  minimum  monthly  average  electric 
load,  Vi  MWe,  but  the  price  of  electricity  is  moderate  (S.lc/KWh). 
Based  on  the  FY  1906  energy-use  data,  a  cogeneration  plant  with  a 
boiler  rating  of  68  HBtu/h  output  and  a  5-HWe  turbine  generator 
would  have  an  electrical  capacity  factor  of  90Z  and  a  peak  thermal 
output  of  50  HBtu/h,  with  a  thermal  energy  capacity  factor  of  about 
75Z  if  used  as  a  baseload  heating  plant.  A  water-tube  boiler  with  a 
steam  racing  of  IA50  psia  and  950*F  would  be  the  most  suitable 
boiler  for  this  cogeneration  system. 
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10.  IMFUT  AKO  LCC  StKtIAXY  SniEAOSKSnS 


mtY  ATBt  I  t  0,9  mu/hr.  BOaiDKlc  rWJTCTS  »  »OHTltAL 


Total  it«Mi  outpiit  "•  *3.3 
Bollac  capacity  laetoc  ~  .62* 
Kuebar  oC  unlta  for  caflt  **  1 
Hydcatad  lima  prlca(6/ton)  *0.00 
Aah  dlapoial  prlca  (8/to»)  »  10.00 
Eiaetcle  prlca  (cmta/lWh)  «  3.10 
Labor  rata  (kS/yr)  *•  33.00 
Llaaatona  prlca  (3/ton)  *■  20.00 
mt  mew 

Xatural  gaa  prlca  (S/KStu)  **  *.C0 
<2  011  prlca  (S/iat'j)  -  *.71 
#6  011  prlca  {3/K3tu)  ••  .00 
orriOKS 

Soot  blowar  aultlpllar  »  1.0 
Tuba  bank  nod  nultlpllcr  *•  1.0 
Bottcei  aih  pit  aultlpllar  1.0 
S02  control  cMltlpllar  "  .0 
LIMESTOME/LIMC 

Inart  fraction  *  .03 


M9tu/hr 


COAL  MOrotTIES 


R.O.H. 

Aah  fraction  •>  .120 

.110 

Sulfur  fraction  ••  .013 

.013 

miV  (8tu/lb)  w  12300. 

12800. 

ruzL  mezs 

R.O.H.  coal  (S/KStu)  w  1.67 

StoL*r  coal  (S/K3tu)  w  1.86 

Coal/K20  alx  (S/HStu)  »  3.00 

Coal/oll  alx  (S/H3tu)  ••  3.30 

Prlnary  fual  la  3 
NATURAL  CAS 

1»#6  Oil,  2*#2  Oil,  3-KC 


XOOHOHIC  rARAMEmtS 

Inflation  A  dlacounblng  baia  yaar  ••  1866 
Can  Infla  Indax  (1867  to  baaa  yr)  »  1.0*0 

Caa  Infla  Indax  (1066  to  baaa  yr)  ••  1.000 

Oil  Infla  Indax  (1886  to  baaa  yr)  «  1.000 

Coal  Infla  Indax  (1888  to  baaa  yr)  ••  1.000 

Frojaet  atart  yaar  ••  1880 
Pi  lact  Ufa  (yr)  ••  30 
Dapraclation  Ufa  (yr)  ••  13 
Canaral  Inflation  rata  (Z/yr)  "  0 

Typa  of  gaa  aaealation  agaa 

Typa  of  oil  aaealation  «  aoll 

Typa  of  coal  aaealation  ••  acoal 
Dlaeount  rata  (Z/yr)  ••  10 
Rata  of  rotum  on  Invaat  (Z/yr)  ••  17 
A-aount  of  working  capital  (nonth)  ••  2 
Fadaral  Ineooa  tax  rata  (Z)  ••  3* 
Local  prop  tax  (&  insur)  rata  (Z)  ••  2 


REAL  ESCALATIOH  RATE  (X/vr) 


FUEL 

TYPE  OF  FUEL 

ESCAUTION 

1888 

-1990 

1990 

-1995 

1093 

-2000 

2000  AKD 

BEYOHD 

Caa 

«Sas 

3.89 

8.87 

5.77 

5.77 

Oil 

aoll 

*.86 

7.87 

*.16 

*.16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

8:*0  AH 
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Km.T  mi  \  TS  0.5  wtg/hr.  tOOWCMIC  rKMTVOS  -  POUIM,  VAimS 
Total  ttaaTi  ootpttt  •>  t3.S  K9tu/hr  Coat  baa*  yaar  "  IBSS 

Bollac  capacity  Taetor  »  .821  PrlMty  fu«l  •«  HATUKAL  CAS 

Huabar  of  unlta  lor  raflt  «  I 


W?TS 


9 

FUEL/ 

FUEL 

TOTAL 

KAIKT 

OTKER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

QAM 

0  A  H 

TECimOlOGY _ UNITS 

EFF 

S/H8tu 

kS 

kS 

kS 

kS 

Natural  (aa  bollar 

— 

.800 

A. 00 

.0 

1670.0 

163.2 

A83.A 

«2  Oil  tlrad  bellar 

— 

.800 

A. 71 

.0 

18A8.e 

163.2 

A63.A 

#8  Oll  firad  boUar 

... 

.800 

.00 

.0 

.0 

.0 

.0 

HleronUad  coal  ratlt 

1 

.800 

1.87 

2609.2 

73A.0 

360.2 

636.9 

Slattlnc  bumar  rallt 

1 

.800 

1.87 

A3A1.3 

73A.0 

360.2 

636.9 

Modular  FBC  raClt 

1 

.700 

1.87 

AB68.A 

7A3.3 

333.3 

617.6 

Stoker  flrlnt  ratlt 

1 

.760 

1.08 

2872.8 

818,0 

333.3 

606.0 

Coal/watar  alutry 

1 

.7S0 

3.00 

2620.3 

1268.0 

333.3 

*38.0 

Coal/oll  alutry 

1 

.780 

3.60 

2180.8 

lAOB.O 

266. A 

608.2 

Low  Btu  isalfiar  raflt 

.879 

1.08 

3898.5 

916.2 

307.  A 

73A.8 

Faekatad  ahall  atoka: 

1 

.760 

1.08 

33A3.0 

818.0 

333.3 

606.0 

Paekatad  ahall  FBC 

1 

.760 

1.87 

A210.3 

772.6 

333.3 

618.3 

Flald  acaetad  atokac 

1 

.800 

1.08 

6971.2 

777.1 

331.3 

607.9 

Flald  acactad  FBC 

1 

.800 

1.87 

66A6.1 

73A.0 

387.1 

617.2 

Pulvarlxad  coal  bollar 

1 

.820 

1.87 

eBAA,2 

716.1 

301.1 

eA6.2 

Clrculitlna  FBC _ 

_L_ 

-.m. 

..l.fi?,. 

TT32.0 

_72iJ_ 

»1.3. 

AIR  rORCE  raoJECT _ raiVATE  PROJECT 


TECHNOLOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/Yr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 
PERIOD , 

_ yr _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ k5 _ 

BENEFIT/ 

COST 

_ BAUD _ 

Natural  tax  bollar 

— 

32,SA8 

1.000 

<—  Existing  systae,  privacy  fuel 

#2  011  Elrad  bollar 

— 

— 

33,129 

— 

#6  011  flrad  bollar 

.. 

.. 

0 

— 

Hlcronlxad  coal  rctlt 

Not  appllcabla  because  of  space  linltations 

Slagslns  bumar  raflt 

Not  applicable  because  of  space  llnltatlona 

Modular  FBC  raflt 

Not  applicable  because  of  space  lloltatlons 

.Stokar  firing  raflt 

Not  applicable  because  axlatlng  bollar  was  designed  for  P2  oil 

Coal/watar  alurry 

1 

17,019 

21,071 

1.5A5 

7.3 

22,9A3 

1.A19 

Coal/oll  slurry 

Not  avsluatad 

iDollcable  because  of  asace  llnltaLlons 

Packaged  shall  stoker 

1 

16,01A 

18,-07 

1.798 

6.9 

20,2A7 

1.608 

Packaged  ahall  FBC 

1 

16,796 

18, APS 

1.760 

6.8 

21,067 

1.5A5 

Field  aractad  stoker 

1 

16,213 

19,8.6 

1.6A3 

8.7 

23,283 

1.398 

Flald  aractad  FBC 

1 

16,955 

20,5d6 

1.686 

9.7 

2A,303 

1.339 

Pulvarlxad  coal  bollac 

1 

15 

20,953 

1.553 

10.2 

2A,926 

1.306 

Clreulatina  FBC 

1 

15.75'^ 

21.387 

1.622 

X’  .0 

25.755 

1.26A 
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gLLT  ATB;  1  t  A?. 3  nng.  MML  PCMATIQH  ■  ABQ  IW? 


TottL  ttt*A  output'  •*  43. S 
Bollar  capacity  f«cto.';  ••  .324 
Huabtc  oC  unit*  foe  e«fi<'.  ••  1 
Ky«]rat*d  11m*  prlc*(9/ton)  •*  40.00 
Ath  dUpotal  prle*  (3/ton)  •  10.00 
El«etrle  pelea  (c*nt«/kKh)  **  3.10 
labor  rat*  (kS/yr)  “  33.00 
Lim«»ton*  prlc*  (S/ton)  •*  20.00 

mi  niicxs 

Natural  gai  prlc*  (3/K3tu)  -  4.00 
#2  011  prlc*  (S/KBtu)  -  4.71 
#6  011  prle*  (3/KStu)  »  .00 
omOMS 

Soot  blowtr  multlpllar  ••  1.0 
Tub*  bank  mod  OMltlpllar  «■  1.0 
Bottom  aih  pit  aultlpllar  «•  1.0 
S02  control  aultlpllar  <•  .0 
LIHCSTOItE/LIHe 

In*rt  fraction  »  .03 


K8tu/hr 


COAL  nonatiiES 

RiP.H.. 

Aah  fraction  “  .120 
Sulfur  fraction  •*  .013 
KXV  (Btu/lb)  -  12300. 
FUEL  nUCES 

R.O.H.  coal  (S/KBtu)  »  1.87 
Stokar  coal  (S/KBtu)  ••  1.B8 
Coal/H20  mix  (S/KBtu)  -  3.00 
Coal/oll  mix  (S/KBtu)  ••  3.30 

Primary  fual  1*  3 
NATURAL  CAS 

W6  Oil,  2*^2  Oil,  3-NC 


EiCOIKMIC  rARAHCTZXS 

Inflation  A  dlaeeuntlnf  baa*  year  ••  1S88 
Gan  Infla  Indax  (1087  to  bat*  yr)  ••  1.040 

Gat  Infix  lnd*x  (1688  to  b^aa  yr)  •  1.000 

Oil  Infla  Indax  (1688  to  bat*  yr)  ••  1.000 

Coal  Infix  Indax  (1086  to  bat*  yr)  "  1.000 

Frojact  atart  yaxr  ••  1000 
Projaet  Ilf*  (yr)  -  bO 
Dapraclatlon  Ilf*  (yr)  •  IS 
Ganaral  Inflation  rat*  (Z/yr)  «  0 

Typ*  of  sat  atcxlxtlon  *•  *t*a 
Typ*  of  oil  tacalation  ■*  toll 
Typ*  of  coal  atcalatlon  ■■  xcocl 
Olacount  rat*  (Z/yr)  10 
Rat*  of  ratum  on  Invatt  (Z/yr)  ••  17 
Amount  of  working  capital  (month)  ••  2 
Fadtral  Ineom*  tax  rat*  (Z)  ••  34 
Local  prop  tax  (&  Incur)  rat*  (Z)  ••  2 


REAL  ESCALATION  RATE  fZ/vr) 


IMI 

TTPE  OF  FUEL 

ESCAUTIOH 

1088 

-1900 

1090 

-1995 

1905 

-2000 

2000  AND 

BEYOND 

Gaa 

agaa 

2.28 

4.70 

5.49 

2.75 

Oil 

aoll 

.17 

4.18 

5.55 

2.77 

Coal 

acotl 

1.46 

1.76 

1.61 

.81 

0:05  AM 


.110 

.013 

12000. 
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MAY  tfg;  1  rvn  MALJ3KaiAIia,.=  03. IW. 

Tolat.  itaoA  output.  «•  t3,3  KStu/hc  Co«t  b*ft  y«*s  »  1911 

Bollor  c«p«elty  toetor  •*  .124  Fclmtty  2u«l  ••  HATVKAL  CAS 

Kusb«r  ot  unit*  for  ctClt  ■*  1 


A^«yAl.,C«IS. 


* 

FUEL/ 

FUEL 

TOTAL 

HAIRT 

OTHER 

OF 

STEAM 

PRICE 

capital 

FUEL 

0  fc  H 

0  A  H 

If  f.  V]  ft 

kS 

VS 

kS 

kS 

Mtturol  (•«  bolltr 

— 

.100 

4.00 

.0 

1370.0 

133.2 

463.4 

#2  OIL  flttd  bolltr 

— 

.100 

4.71 

.0 

1848.6 

133.2 

463.4 

... 

.100 

.00 

.0 

.0 

.0 

.0 

Hleronlstd  coal  taflb 

1 

.100 

1.67 

2399.2 

734.0 

330.2 

633.9 

Slitglni  butnar  ca£lb 

1 

.100 

1.17 

4341.3 

734.0 

330.2 

633.9 

Hodulat  FBC  raflt 

1 

.790 

1.17 

4936.8 

743.3 

333.3 

617.5 

Stobar  firing  rafit 

1 

.760 

1.98 

2872.6 

816.0 

333.3 

606.0 

Coal/watar  aXurry 

1 

.7i0 

3.00 

2620.3 

1236.0 

333.3 

331.0 

Coal/olL  alutiy 

1 

.760 

3.30 

2180.6 

1406.9 

263.4 

306.2 

] 

.679 

1.91 

iuTini 

nm 

307.4 

EnnH 

Paebagad  ihalL  atokar 

1 

.760 

1.98 

3343.0 

818  0 

333.3 

606.0 

Faebagad  ahalX  FSC 

1 

.760 

1.87 

4210.3 

772.6 

333.3 

618,3 

riaXd  araetad  atobar 

1 

.100 

1.98 

3971.2 

777.1 

331.3 

397.9 

Flald  araetad  FBC 

1 

.100 

1.17 

6343.1 

734.0 

387.1 

617.2 

FuXvarlxad  coal  boilar 

1 

.120 

1.87 

6944.2 

716.1 

391.1 

645.2 

_J _ 

_JU2_ 

■1.?? 

7732.0 

724.9 

-Ml.L 

873.4  ^ 

mimi.n9E7i _ mmsiwioi 


technology 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ yc _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO 

Natural  gaa  boilar 

— 

1.000 

< —  Exiabing  ayatam,  primary  fual 

#2  Oil  firad  boilar 

— 

— 

26,702 

— 

•  • 

Mioranixad  coal  rafib 

Nr.b  applicabla  baeauaa  «f  apaea  limitabiona 

Slagging  bumar  rafib 

Nob  applicabla  baeauaa  of  apaea  limitabiona 

Modular  FBC  rafib 

Nob  applicabla  baeauaa  of  apaea  limlbationa 

Stokar  firing  rafib 

Nob  applicabla  baeauaa  axiabing  boilar  Mai  daaignad  for  #2  oil 

Coal/wabar  alurry 

1 

17,019 

20,871 

1.179 

11.7 

22,738 

1.082 

Coal/oil  alurry 

Nob  avaluabad 

Packagad  ahall  abokar 

1 

16,014 

17,977 

1.369 

7.9 

20  113 

1.223 

Packagad  ahall  FBC 

1 

16,793 

18,372 

1.339 

9.2 

20,941 

1.175 

Fiald  araetad  abokar 

1 

13,213 

19,692 

1.249 

12.3 

23,135 

1.063 

Fiald  araetad  FBC 

1 

15,955 

20,419 

1.203 

13.9 

24,183 

1.017 

Pulvarixad  eoal  boilar 

1 

15,366 

20,839 

1.181 

13.0 

24,809 

.992 

Cireulatlna  FBC 

1 

15.758 

21.272 

.-1.1L7..._ 

16.4 

25.637 

.960 

9:05  AH  Ocb  20,  1911 
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MAL  taCAlAricM  m  gj'ff 
KBtu/hr 


gUrT  An;  1  X  A3.S  Wtu/hr, 

Total  «t«*M  output  -  13.3 
BolX«c  capacity  taetoc  »  .#2* 
Uvaabac  ot  unlta  for  ta£lt  »  I 
Uydcatad  lima  prlca(S/ton)  »  10,00 
Aah  dlspoial  peica  (3/ton}  ••  10,00 
Elaetrle  prlca  (canta/VWh)  -  3.10 
laboc  rata  (kS/yc)  -  35.00 
llmaatona  prlca  (S/ton)  ■  20.00 
nin.  nuces 

Natural  laa  prlca  (3/K8tu)  »  1,00 
#2  Oil  prlca  (S/KBtu)  »  1,71 
#6  Oil  prlca  (S/KBtu}  -  .00 

onioiis 

Soot  blo»<ar  tsultipllar  -  1.0 
Tuba  bank  mod  multlpliar  ••  1,0 
Bottom  aah  pit  multlpllar  ■  1.0 
302  control  multlpllar  ,0 
LMESraoc/LIW 


COAL  momnxs 


K.Q.H.  Stokar 


Aah  fraction 

.120 

.110 

Sulfur  fraction  ** 

.013 

.013 

HHV  (Btu/lb)  « 

12300, 

12800 

run.  nuexs 

X.O.H.  coal  (3/M8tu)  » 

1.87 

Stokar  coal  (S/K3tu)  • 

1.88 

Coal/H20  mix  (3/KBtu)  • 

3.00 

Coal/oll  mix  (3/M8tu)  - 

3.30 

Primary  fuel  la 

3 

natural  CAS 

l-#8  Oil,  2-#2  Oil, 

3-NG 

Inart  Traction  ••  .03 


BOOHOKIC  FAUlHCnXS 

Inflation  A  dlacounting  baia  yaar  "  ISSB 
Can  Infla  Indax  (1887  to  baaa  yr)  <•  1,010 

Cm  Infla  Indar  (1888  to  baaa  yr)  «  1,000 

Oil  Infla  Indax  (1888  to  baaa  yr)  "  1,000 

Coal  Infla  Indax  (1088  to  baaa  yr)  ••  1.000 

Project  atart  yaar  ••  1890 
Projact  Ufa  (yr)  «  30 
Oapraclatlon  Ufa  (yr)  -  15 
Canaral  Inflation  rata  (X/yr)  ••  0 

Typa  of  jaa  aacalatlon  ••  zaro 
Type  of  oil  aacalatlon  ••  taro 
Typa  of  coal  aacalatlon  -  zaro 
Olacount  rate  (Z/yr)  ••  10 
Rata  of  ratum  on  Invaat  (X/yt)  ••  17 
Amount  of  working  capital  (month)  -  2 
Fadaral  Income  tax  rata  (X)  ••  31 
Local  prop  tax  (&  Inaur)  rata  (X)  »  Z 


Caa 

ztro 

Oil 

ztro 

Coal 

zaro 

- H£AL  ESCALATIOH  rate  (X/vr> 

1888  1880  1895  2000  AND 

-U££2 _ r  1.985  -2000  beyond 

®  0  0  0 

0  0  0  0 

0  0  0  0 


9:10  AM 
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miT  AFBt  1  t  A3.S  HBfeg/hr.  mt  MAL  gaCALATIO  »»  ZOO 
Total  atawa  output  *•  43. S  KBtu/hc  Coat  baaa  yaar  >*  IflSI 

Bollat  capacity  lactoc  «•  .821  Pclnacy  <ual  ••  BATUXAL  CAS 

Kunbac  o£  unlta  £oc  caflt  •>  I 


4 

OF 

TECHHCLQOY _ VNITS 

FUEL/ 

STEAM 

IFF 

FUEL 

PRICE 

S/Hfltu 

TOTAL 

CAPITAL 

k5 

FUEL 

k8 

HAINT 

0  A  H 

V8 

OTHER 

0  A  H 

k5 

Natural  gas  bollac 

— 

BM 

.0 

1370.0 

133.2 

463.4 

42  011  flrad  bollar 

— 

1^9 

.0 

180.8 

133.2 

463.4 

.0 

.0 

.0 

.0 

Hlcronlzad  coal  raflt 

1 

.800 

1.87 

2399.2 

734.0 

330.2 

633.9 

Slagging  bumac  raflt 

1 

.800 

1.67 

43A1.3 

734.0 

330.2 

633.9 

Modular  FBC  raflt 

1 

.790 

1.67 

1938.8 

743.3 

333.3 

617.5 

Stokar  firing  raflt 

1 

.760 

1.98 

2872.6 

816.0 

333.3 

606.0 

Coal/vatar  slurry 

1 

.730 

3.00 

2620.3 

1238.0 

333.3 

338.0 

Coal/oll  alurry 

1 

.760 

3.30 

2180.8 

1408.9 

263.4 

308.2 

_j _ 

.879 

1.98 

918.2 

307.4 

734.8 

Packaged  shall  stokar 

1 

.760 

1.98 

330.0 

818.0 

333.3 

608.0 

Paekagad  shall  FBC 

1 

.760 

1.87 

A210.3 

772.6 

333.3 

618.3 

Field  acaetad  atokar 

1 

.600 

1.98 

3971.2 

777.1 

331.3 

397.9 

Flald  aractad  FBC 

1 

.800 

1.67 

830.1 

734.0 

387.1 

617.2 

Pulvarlzad  coal  bollac 

1 

.820 

1.87 

69U.2 

716.1 

391.1 

643.2 

1 

.810 

1.97 

7732.0 

EBniP 

675.4 

TKHWI,<?<?Y _ 

Natural  gai  bollar 
4Z  Oil  £lcad  bollac 
46  011  rirad  hollar 
Hlcronlzad  coal  ra£lt 
Slagging  bumac  ca£lt 
Modular  FBC  ra£lt 
Stokar  firing  raflb 
Coal/Matar  alurry 
Coal/oll  alurry 


AIR  rORCS„FRWKT _ PRIVATE  PROJECT 


4  OF 

UNITS 

COAL 

USE. 

ton/vr 

LIFE 

CYCLE 

COST, 

OISCOUHTEO 

AS  SPENT 

kS 

BENEFIT/ 

COST 

_ RATIO 

DISCOUNTED 

PAYBACK 

PERIOD. 

_ XT _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO _ 

— 

17,212 

<■—  Existing  systam,  primary  fual 

— 

— 

19,383 

" 

— 

0 

HEBI 

Not  appllcabla  bacauaa  of  apaca  limitations 
Not  appllcabla  bacauaa  of  apaca  limitations 
Not  appllcabla  bacauaa  of  apaca  limitations 


Hot  appllcabla  bacauaa  axlating  bollac  Mas  daslgnad  for  4Z  oil 
I  17,01S  19,122  .900  >31  20,939  .822 

Hot  avaluatad 


Lev  Btu  aaalflar  raflt  Hot  aoollcabla  bacauaa  of  soaca  limitations 


Packaged  shell  stokar 

— 

16,636 

1.022 

19.3 

13,941 

.909 

Paekagad  shall  FBC 

1 

16,793 

17,296 

.993 

>31 

19,r3S 

.868 

Flald  aractad  stokar 

1 

13,213 

18,610 

.925 

>31 

22,U42 

,781 

Field  aractad  FBC 

1 

13,933 

19,397 

.887 

>31 

23,132 

.744 

Pulvarlzad  coal  bollac 

1 

15,366 

10,842 

.667 

>31 

23,783 

.724 

Clrculatinz  IBC 

1 

15.758 

20.262 

.849 

>31 

24.599 

.700 

9:10  AM  Oct  20,  1988 
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ROBINS  AFB:  AFLC 


1 .  BACKGROUND 

Robins  Air  Force  base  is  located  near  Warner  Robins,  Georgia.  There 
are  two  major  heating  plants  on  the  base,  but  only  the  larger  plant 
(building  No.  177}  should  be  considered  for  coal  conversion.  The 
B&W  and  Wicks  units  (see  list  below)  were  originally  designed  for 
coal.  Ip.  1967,  the  coal-burning  boilers  were  converted  to  burn  gas 
with  distillate  oil  as  backup.  The  yearly  average  fuel  use  at  plant 
No.  177  is  about  190  HBtu/h.  Heat  plant  No.  177  produces  125  psi 
steam,  and  boiler  efficiencies  range  from  about  69Z  at  low  loads  to 
787  at  full  load.  No  coal-handling  equipment  still  remains. 

2.  HEATING  PUNT  UNITS 


Heating  Plant  No.  177; 

2  X  98  HBtu/h,  Erie  City,  1966 
2  X  54  HBtu/h,  Babcock  &  Wilcox,  1953 
54  HBtu/h,  Wicks,  1954 
5  HBtu/h,  Superior  (oil  only),  1977 

Heating  Plant  No.  644: 

24  HBtu/h,  Erie  City,  1966 
2  X  24  HBtu/h,  Trane,  1975 
21  HBtu/h,  Babcock  &  Wilcox,  1955 


3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  maximum  possible  capacity  factors  listed  below  were  calculated 
from  monthly  fuel-use  data  for  plant  No.  177. 


Fuel 

input 

HBtu/hr) 

FY  1985 
ideal 
capacity 
factor 

FY  1986 
ideal 
capacity 
factor 

30 

0.83 

1.00 

50 

0.83 

l.OO 

70 

0.83 

0.96 

90 

0.78 

0.85 

120 

0.68 

0.72 

150 

0.59 

0.63 

t 
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A.  ENERGY  PRICES 

FY  1986  Price  Data: 


Year  average 


Discillace  $S.50/HBcu 

Natural  gas  $3.90/HBcu 

Electric  $12,96/HBtu  =  A.Ac/kWh 

Comnientd  from  HQ  AFLC  (11/21/88): 


End  oF  year 


$5.90/HBcu 

$3.90/HBtu 

A.Ac/l(Wh 


Natural  gas  »  $3.19/HBtu 

COAL  PROPERTIES  AND  PRICES 

Stoker 

ROH 

Origin 

Benedict,  Va. 

Benedict, 

HIIV,  Btu/lb 

13,790 

13,790 

Ash,  X 

A. 23 

A. 23 

Sulfur,  X 

0.79 

0.79 

Nitrogen,  X 

1.A5 

1.A5 

Ash-softening  temperature,  *F 
Swelling  index 

2700+ 

2700+ 

Top  size,  in. 

2x0 

Bottom  size,  in. 

100  mesh 

Fines,  X 

AO 

Grindability  index 

A8 

A8 

Cost  at  mine,  $/ton 

3A,00 

28.00 

Delivered  cost,  $/ton 

5A.85 

A8,85 

Energy  cost,  $/HBtu 

ENVIRONHENTAL  REGUUTIONS 

1.99 

1.77 

6.1  Air  Pollution  Emisiion  Limits  for  New  Sources 


The  air-quality-control  regulations  of  Georgia  require  that  a 
fuel-burning  plant  such  as  that  being  considered  for  Robbins 
AFB  meet  federal  EPA  air  emission  standards  for  an  attainment 
area. 


SO,.  For  boilers  >100  M8tu/h:  FBC  -  90Z  reduction  to  meet 
limit  of  1.2  Ib/HBtu;  emerging  technology  -  SOX  reduction  to 
meet  limit  of  0.6  Ib/HBtu. 


NOy.  For  boilers  >100  HBtu/h:  spreader  stoker  and  FBC  —  0.6 
Ib/HBtu;  pulverized  coal  —  0,7  Ib/HBtu, 

Particulates.  Regulations  pertaining  to  fly  ash  and/or  other 
particulate  matter  from  newly  (beginning  GY  1972)  constructed 
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equipmenc  limit  emissions  nccording  Co  che  lollovring  expres** 
sion: 

P  »  0.5  Ib/HBcu, 

where  R  °  heac  input  oC  £uel**burning  equipment  in  HBtu/h. 

Therefore,  for  one  54-HBtu/h  boiler  at  plant  No,  177,  P  ■  0.215 
Ib/HBCu. 

A  state  opacity  reguLacioti  also  became  effective  in  1972, 
stating  that  the  opacity  of  the  visible  emissions  be  <202 
except  for  one  6~fflin  period  per  hour  of  no  more  chan  27% 
opacity. 

6.2  Coal-Pile  Runoff 

The  state  of  Ccorgia  has  adopted  EPA  federal  regulations  for 
coal-pile  runoff.  The  regulations  state  that  che  pH  of  all 
discharges,  except  once-through  cooling  water,  shall  be  within 
che  range  of  6.0  co  9.0.  The  effluent  limicacion  for  Che  point 
source  discharges  of  coal-pile  runoff  is  50  mg/L  cocal  sus¬ 
pended  solids. 

6 . 3  Ash  Dif  \al 

The  state,  as  well  as  che  EPA,  considers  fly  ash  wasCe  co  be 
nonhaxardous.  Use  of  an  existing  landfill  is  desirable  because 
only  a  permit  is  required.  A  new  site  or  landfill  is  costly 
and  requires  a  long  procedure. 

7.  OTHER  CONSIDERATIONS 
None. 

8.  COAL-CONVERSION  PROJECT  OUTLOOK 

The  most  attractive  project  would  be  co  refic/replace  one  of  the 
54-HBcu/h  output  (69-HBtu/h  fuel  input)  boiler  units,  which  are  coal 
desi?.ned,  in  plant  177.  If  a  single  54-HBcu/h  unit  were  involved  in 
a  project,  an  overall  capacity  factor  of  about  81%  would  be 
expected,  assuming  90%  equipment  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 


SO,  and  NOx.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  any  SO,  or  NOv  controls  because 
the  proposed  project  is  smaller  than  100  HBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required. 
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8.2  Physical  Space  and  Acschetlcs 


HencinR  Plane.  The  existing  boiler  plane  was  originally  de¬ 
signed  Cor  coal.  The  original  coal-combuscion  equipment  hat 
been  removed t  and  there  is  now  only  enough  space  Cor  micronixed 
coal  or  coal-watcr-mlxture  combnslion  equipment  at  che  existing 
’u  boiler. 

Coal-Handling  Equipment.  There  is  limited  space  available  at 
'  the  existing  heating  plant  so  chat  only  micronixed  coal  or 

coal-water-mixturc  equipment  could  probably  be  installed. 

Coal  Pile.  There  is  room  Cor  a  ceal  pile  near  the  existing 
boiler  plant,  so  coal  could  be  supplied  by  truck,  to  a  silo  at 
the  existing  boiler  plant  or  to  a  new  coal-fired  boiler  plant 
nc.»“  the  coal  pile. 

8.3  Technical  Risk.  oC  Combustion  Technologies 

The  boilers  were  originally  designed  for  coal.  The  least  tech¬ 
nical  risk  would  be  for  conversion  to  micronixed  coal-firing 
because  no  SOj  reduction  measures  will  be  required. 

9.  COGEHERATION  PROJECT  OUTLOOK 

The  prospects  for  a  coal-fired  cogeneration  system  arc  poor  because 
'  of  low  electric  rates  and  the  mild  climate  that  exists  at  Robbins 

AFB.  Although  the  base  has  a  sixable  minimum  monthly  average  elec¬ 
tric  load,  15.7  HHe,  the  price  of  electricity  is  only  A.Ao/kWh.  The 
15.7-MWe  minimum  monthly  load  would  be  met  primarily  by  a  coal-fired 
electric  plant  sixed  for  about  IS  HWe  and  producing  45  HWt.  An  80Z 
cycle  efficiency  would  require  a  boiler  rated  at  56  HW.  December, 
January,  February,  and  March  have  thermal  consumption  levels  exceed¬ 
ing  the  available  thermal  capacity.  The  thermal  demands  at  Robbins 
AFB  remain  high  enough  during  the  year  to  result  in  a  high  overall 
thermal  load  factor  of  73Z  (assuming  that  the  cogeneration  plant  has 
a  90%  availability). 
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10.  IKrUT  AMD  ICC  SlttUXY  ^noAOMms 


♦*  lO  •‘yi>  ivtjtT*  a*(*P??TTTi  • 


Sisku 

.042 

.001 

moo. 


notaac  rAiUMcms 

In<l4tlon  A  dlteountint  btt*  y««t  •  lOOl 
C«n  Inflt  ind«x  (1067  to  fatia  yt)  ••  1.040 

C«i  InfU  ind«x  (1088  to  b«i*  yr)  1.000 

Oil  infl«  lnd«x  (1088  to  b«t«  yr)  ••  1.000 

Coal  Infla  i'^dtx  (1088  to  bat#  yr)  *•  1.000 

Projaet  start  yaar  ••  1000 
rxojaet  Ufa  (yr)  30 

Oapraclation  Ufa  (yr)  19 

GanataL  Inflation  rata  (Z/yr)  *•  0 

Typa  of  (aa  ascalation  ••  atat 
Typa  of  oil  aacalatlon  **  aoll 
Typa  of  coal  ascalation  **  acoal 
Discount  rata  (Z/yr)  10 
Kata  of  ratum  on  invast  (Z/yr)  ••  17 
Aoount  of  wotkint  capital  (swnth)  *■  2 
Fadaral  incooa  tax  rata  (Z)  ••  34 
Local  prop  tax  (A  Insur)  rata  (Z)  ••  2 


Total  atSM  output  •  94.0 
loilar  capacity  factor  *•  .808 
Musibar  of  units  for  rafit  »  I 
Rydrutad  line  pcica(3/tOC)  "  40.00 
Ash  disposal  pries  (S/ton)  “  10.00 
Ziaetrie  pries  (canta/kbh)  »  4.40 
Labor  rata  (kS/yr)  *«  39.00 
Llaastons  pries  (9/ton)  ■■  20.00 
run.  nuas 

Ratural  gas  pries  (9/K8lu)  •  3.10 
#2  Oil  pries  (9/K8tu)  •  4.71 
#6  Oil  pries  (9/H8tu)  ••  .00 

onion 

Soot  blowar  nultipliar  **  .0 
Tuba  bank  SMd  awltipliar  *■  .0 
Botto*  ash  pit  Miltlpliar  *•  1.0 
S02  control  nultipliar  “  .0 
LTMESTOR/UNC 

Inatt  fraction  ■*  .09 


iWtu/hr 


OQAL  WKimim 

K.Q.H. 

Ash  fraction  ■*  .042 
Sulfur  fraction  “  .008 
RIIV  (Itu/lb)  >  13800. 

rm.  Hxaa 

X.O.H.  coal  (9/mtu)  >  1.77 
Stokar  coal  (9/Hitu)  •>  1.08 
Coal/H20  alx  (S/Hitu)  «  3.00 
Coal/oil  aix  (9/tatu)  >  3.90 

Priaary  fual  ia  3 
RATUXAL  CAS 

l«dfi  Oil,  2<^2  Oil,  3oHO 


Coal  acoal  1.16  2.31  1.18  1.10 


2:30  FM  Jan  4.  1089 


MiK.An;  ...I  KBffwg. TMMwisB  .?-ggtim..'»Aiiya 

ToCkl  •i*Mi  output  •  34.0  Kliu/hr  Cett  b*i«  y«*r  *  Xltl 

lollt;  etpaelty  £*eiot  «  .(OS  fftiuty  Cu*l  •*  tUtUIUt.  OA$ 

Kuabor  o£  unit!  £or  toflt  ••  X 

KWA  COSTS 


# 

run./ 

run. 

VStA 

HAW 

07XIX 

or 

STCAH 

nticz 

CMUA 

run. 

0  6  H 

0  A  H 

trr 

k8 

k8 

k3 

Nituzil  gii  bollir 

— 

.•00 

3.10 

.0 

1520.3 

172.6 

463.3 

n  oil  flrid  bollit 

— 

.100 

4.71 

.0 

2244. ■. 

172.6 

463,3 

-* 

.00 

..0 

.0 

.0 

.0 

KlcconUi<i  coil  riflt 

1 

.900 

1.77 

2346.7 

•43.6 

376.6 

649.3 

Slitting  burner  riflt 

1 

.100 

1.77 

4321.4 

•43.6 

376.6 

•49.3 

Hodulir  nc  ciflt 

1 

.700 

1.77 

3220.0 

•  34.2 

369.3 

620.6 

Stokir  firing  riflt 

1 

.760 

l.S« 

3063.9 

996.3 

360.3 

620.1 

Coil/»it«r  ilucty 

1 

.730 

3.00 

2272.1 

1323.1 

360.3 

346.3 

Coil/oil  ilurry 

1 

.710 

3.30 

2043.6 

1710.6 

266.0 

323.3 

J 

1.09 

ni6.i 

332.3 

7*4.0 

riekigid  ibill  itokir 

2 

.760 

1.99 

4603.3 

006.3 

369.3 

710.6 

Fiekigid  thill  r>C 

2 

.760 

1.77 

3816.1 

•66.0 

369.3 

720.9 

Flild  irietid  Itokir 

1 

.100 

1.99 

6100.0 

046.4 

336.1 

612.0 

Field  irietid  FKC 

1 

.100 

l.»7 

74B1.( 

643.6 

416.4 

629.7 

FulvirUid  coil  boiler 

1 

.620 

1.77 

7926.3 

623,0 

422.6 

630.0 

_1_ 

■  »10 

1.77 

lllMV 

KllV 

-690. 3_ 

TECHNOLOGY 

*  or 

UNITS 

COAL 

USE, 

ton/vr 

_ AIN  FCNCE  mOJECT _ _ 

PRIVATE 

PNWECT 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFEXT 

kS 

BE-HEFIT/ 

COST 

-  RATIO 

DISCOUNTED 

fayback 

FEXIOO, 

_ YT _ 

LIFE 

CYCLE 

COST. 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO— 

Nituril  gii  boiler 

— 

32,020 

1.000 

<...  Exlitlng  lyiwea,  prlmiry  fuel 

n  oil  fired  boiler 

— 

— 

39,304 

— 

— 

•  e. 

0 

Hlcronlzed  coil  refit 

1 

17,266 

16,420 

1,737 

3.6 

20,101 

1.366 

Slitting  bumic  rifit  Hot  ippllcibli  biciuit  oC  ipici  Xlmltitioni 
Hodulic  FBC  ti£lt  Not  ippllcibli  biciuii  oC  ipici  llmltitloni 
Stokic  firing  ri£it  Not  ippllcibli  bieiuii  o£  ipici  llialtitloni 


Coil/witer  ilurry 
Coil/oll  llUCTY 

Low  Btu  Kiitflir  refit 

1  16,410  23,604  1.337  10.3 

Not  iviluited 

Not  iDnlicible  biciuie  of  loiee  linltitlons 

23,376 

1.262 

Picketed  iholl  itoker 

2 

16,176 

21,692 

1.463 

10.0 

24,734 

1.294 

Fiekiged  ihill  FBC 

2 

18,176 

21,776 

1.470 

10.6 

23,127 

1.274 

Field  erected  itoker 

1 

17,266 

22.438 

1.426 

11.0 

26,407 

1.213 

Field  erected  FBC 

1 

17,268 

22,712 

1.410 

12.3 

26,905 

1.186 

Pulverized  coil  boiler 

1 

16,847 

23,136 

1.363 

13.2 

27,670 

1.157 

Clrculitinz  FBC 

-J _ 

17.054 

23.733 

1.340 

14.3 

26.744 

1.114 

112 


aOfDff  tfTt  -IX  Hltu/hr.  nin.  mi'.  wrA^»T|^  »  gp 


Total  ataaai  output  «  31.0 

Hitu/hr 

lollac  capacity  factor  ^  .80$ 

Ruobar  of  »niti  for  rafit  ••  1 

Kydratad  llaa  prlca(0/ton)  *•  lO.CO 

COAL  r*ormm 

A*H  diapotal  prlet  (S/ton)  *•  10.60 

R.Q.M. 

SlsXtg 

Clactrle  prlea  (eanti/)iWh)  »  l.io 

Aah  fraction  ■»  .013 

.012 

labor  rata  (kS/yr)  »*  35.00 

Sulfur  fraction  »  .008 

.008 

LI»a«tona  prlea  (0/ton)  <*  20.00 

KKV  (liu/lb)  w  13100. 

13IC0. 

rvtL  mats 

nixL  nitcts 

Ratural  laa  prlea  (8/K8tu)  «  3.19 

R.O.H.  coal  (3/Mliu)  «  1,77 

n  oil  prlea  (3/Mliu)  »  1.71 

Stokar  coal  (3/Kitu)  1.89 

#S  Oil  prlea  (S/KSiu)  »  ,00 

Coal/li:0  Mix  (C/KStu)  »  3.00 

oniORs 

Coal/oll  talx  (S/JQiu)  w  3. ,30 

Soot  blower  •ultlpliar  **  .0 

Tuba  bank  Mod  aailtlpllar  ••  .0 

frlaairy  fual  la  3 

iottoa  aah  pit  nultlpllar  •*  1.0 

KATURAL  CAS 

S02  control  eKiltlpllar  *•  .0 

W9  Oil,  2*^2  on,  3*JtJ 

LIMRSTOMC/LIMC 

Inart  fraction  «  .03 

cooKKic  tmheras 

In<l«(,lon  i  dUcounlInc  b*««  y*at  •*  1S9S 
0*n  InfU  lnd«x  (J987  w  b«x*  yr>  -  X.OtO 
Cat  infU  IndfX  (ISII  to  btt*  yr)  1.090 
Oil  Inila  lnd«x  (ISII  to  b«a«  yc)  **  1.000 
Co»l  Inflt  indax  (1811  to  baa*  yt)  •  l.ooo 
Fiojact  itarb  y««r  ••  1890 
rrojatt  11 f«  (yr)  »  30 
D«pc«el»tlon  li(«  (yt)  m  xj 
Canttal  InCUtlon  rat*  (X/yr)  ••  0 

Typa  of  taa  aiealatlon  ••  a«*a 
Typa  of  oil  atcalatlon  ••  aoll 
Typa  of  coal  aaeaUtlon  ••  aeoal 
Dlaeount  tata  (X/yr)  »  10 
Rata  of  raturn  on  Invaat  (X/yr)  »  17 
Aoount  of  t^orklnt  capital  (aonth)  ••  2 
Fadaral  Incooa  tax  rata  (2)  31 

Local  prop  tax  (&  Inaur)  rata  (X)  »  2 


nrz  or  fuel 
_ ESCALATION 

1888 

_-1990 

A#  fcWfW/tl 

1990 

-1995 

Vi’  t 

1995 

-2000 

±1212 _ 

2000  AND 

BEYOND 

Cat 

a(ae 

2.28 

1.70 

5.18 

2.75 

OIL 

aoll 

.17 

1.16 

5.55 

2.77 

Coal 

acoal 

1.18 

1.76 

1.61 

.81 

1:57  FM 


Jan  11,  1989 


113 


jt.3La,v,  wr,aftia.,rm  TjjCAugiw  ?.  osaw. 

Teval  it««a  out|iut.  •>  M.O  KBtu/hr  Cost  b«i«  y«*r  «  IStS 

0«>Xl«r  etptcUy  Ctetor  ••  .(OS  rzltury  {u*l  <>•  HATUXAL  CAS 

Ktabvr  o£  units  lot  sallt  m  1 


f 

rmr 

rva 

TOrAL 

..  —  fit 

HAIKT 

OTREX 

or 

STEAK 

rxicE 

cafital 

TVEL 

OAK 

0  AH 

vs 

kO 

kO 

__  k3  _ 

Kstutal  Its  bollat 

.•00 

O.IB 

.0 

1520.3 

172.6 

485.3 

#Z  Oil  l^sad  boilar 

— 

.800 

4,71 

.0 

2244.7 

172.8 

485.3 

.« 

^loo. 

Ji<3  ... 

.0 

.0 

.0 

.0 

Mtctofliz*i!  coal  cvltt. 

1 

.800 

1.77 

25*8.7 

•43.6 

378.6 

6a0.3 

SlistlnZ  burner  rollt 

1 

.800 

1.77 

4521.4 

843.6 

378.6 

640.3 

HoduUt  FBC  zofit 

1 

.7*0 

1.77 

5220.0 

854.2 

360.3 

829.8 

StoVat  totit 

1 

.760 

1.09 

3063.9 

9*8.3 

360.3 

620.1 

Co*l/wat«;  alutty 

1 

.750 

3.0A 

2272.1 

157.3.1 

360.3 

546.3 

Coal/oll  alutty 

1 

.780 

3.50 

2043.6 

1710.8 

280.9 

523.3 

_L-. 

4260.0 

372.3 

754,9 

FacAacad  shall  stokat 

1 

KQ 

1.9* 

4605.5 

9SS.3 

360.3 

710.6 

racka«ad  shall  FSC 

3 

1^9 

1.77 

5818.1 

888.0 

360.3 

720.9 

rial'  aractad  stokaz 

1 

l.OU 

6809,0 

948.4 

336,1 

612.0 

Fiald  ataetad  FBC 

1 

1.77 

74f,l.8 

843.8 

418.4 

629.7 

Pulvaeitad  coal  hollar 

1 

IQ9 

1.77 

7028.3 

823.0 

422,8 

659.0 

-L_ 

Kwm 

_ ATX  rCXCE  WOJECT _ 

PRIVATE 

rSOJECT 

LXrE 

LIPE 

cvaE 

CYCU 

COST. 

DTSCOUSTED 

COST, 

COAL 

DISCOUHTEO 

BEhEril/ 

PAYBACK 

DISCOUHTEO 

BEHIPIT/ 

#  or 

USE. 

AS  SPEKT 

COST 

PERIM, 

AS  SPEHT 

COSY 

ftlKiHal 

■luami 

..k$  .. 

_ yt _ 

_ VS 

Natural  fat  hollar 

— 

“ 

24,327 

l.OOO 

<—  Exlatlne  ayatta. 

prlaary  fual 

82  Oil  flctd  hollar 

>■ 

— 

31,699 

— 

.. 

0 

•• 

Hletonixad  coal  raflt 

1 

17,268 

18,295 

1.330 

7.7 

20,033 

1.213 

Slacitnt  hurt  «t  catit 

Hob  appllcabla  bacausa  of  spaca  llelta 

tlona 

Modular  PBC  laElt 

Hot  appllcabla  bacausa  of  apaca  llBltationi 

Stokar  Urine  raflt 

Hot  appllcabla  bacausa  of  apac 

a  llBdtrtlons 

Coal/watar  alurry 

1 

18,410 

23,361 

1.041 

22.3 

25.120 

.968 

Coal/oll  alurry 

Hot  avaluatad 

Fackacad  ahall  atokar 

2 

13,176 

21,734 

1.119 

16.5 

24,590 

.089 

Faekasad  ahall  FBC 

16,176 

21,635 

1.124 

16.6 

24,982 

.074 

Fiald  aractad  atokar 

1 

17,266 

22,307 

1.091 

10.6 

26,252 

.027 

riald  aractad  FBC 

1 

17,266 

22,577 

1.077 

20.9 

26,858 

.906 

Fulvaclxad  coal  hollar 

1 

16,84^ 

23,025 

1.057 

22.9 

27,535 

.883 

1 

17.054 

23.601 

1-031 

26.1 

28.607 

.850 
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MBBs.An;  JlI  .ik.m'tiis.  rva.Mfti,.PMtfi«» -.tap 


Total  it«*a  output  •*  3A.0 

KBtu/hr 

Bolltr  capacity  factor  ••  .808 

Munbtr  of  units  for  raflt  "  1 

Kydratad  lima  prlc*(8/ton)  *•  40,00 

COAL  rRoroiTizs 

Aah  dlapoial  prlc*  (3/ton)  "  10.00 

Elaetrlo  prlc*  (e*nti/XWh)  ••  4.40 

Ath  fraction  .042 

.042 

Labor  rat*  (kS/yr)  •*  3S.00 

Sulfur  fraction  *•  .008 

,008 

Llnaaton*  pile*  (3/ton)  ••  20.00 

HHV  (Btu/lb)  -  13800. 

13800, 

FUEL  mas 

tvxL  mas 

Katursl  i*t  prlca  (3/K8tu)  •  3.10 

X.O.H.  coal  (3/K3tu)  »  1.77 

#2  011  prlc*  (3/KBtu)  •<  4.71 

Stokar  coal  (3/K8tu)  ••  1.00 

86  011  prlc*  (3/K8tu)  -  .00 

Coal/HZO  mix  (S/K3tu)  •>  3.00 

ORIONS 

Coal/oll  mix  (S/KStu)  ••  3. SO 

Soot  blowar  Bultlplltr  .0 

Tub*  banlc  mod  multlpllar  *•  .0 

Primary  fu*L  la  3 

Bottom  ath  pit  multlpllar  ••  1.0 

KATURAL  GAS 

S02  control  multlpllar  **  .0 

1“86  Oil,  2-82  Oil,  3-SO 

LDCSTOn/LtHC 

In«ct  fraction  ••  ,0S 

KXMOHIC  FAIUHRTntS 

Intlitlon  «>  ^lieountint  bii«  yi«r  ••  16tS 
C«n  ln£l«  ind«x  (1087  to  b*««  yc)  «  l.OtO 

G««  inflt  indtx  (1088  to  btta  yx)  •>  1.000 

Oil  in£U  indax  (1088  to  biri*  yr)  ••  1.000 

Cod  Infix  lnd«x  (1088  to  bit*  yr)  ••  1.000 

Frojfct  itirt  y*«t  ••  1000 
Fsojiet  lie*  (yr)  ••  30 
D«pt«ol*tlon  Ilf*  (yr)  ••  IS 
C«n*t«l  Inflation  rat*  (Z/yr)  “  0 

Typ*  of  sat  •aealatlon  ••  saro 
Typ*  of  oil  •sealatlon  ••  x*ro 
Typ*  of  co*l  ttealatlon  ••  x*ro 
Dlieount  rat*  (Z/yr)  ••  10 
Rat*  of  r*turn  on  lnv*it  (Z/yr)  »  17 
Aoount  of  worklns  capital  (month)  ••  2 
F*d*r*l  Incoo*  tax  rat*  (!)  ••  3* 
Local  prop  tax  (&  Inaur)  rat*  (Z)  ••  2 


REAL  ESCAUTIOH  RATE  (Z/vr) 

Type  OF  FUEL  1088  1000  lOOS  2000  AMD 
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a«iig-Ani.-i  iL  svwwhr.  rva  MMi.pctf.6ri«..=..aa>o 


Total  ataaa  output  ^  SA,0 

K8tu/hr 

Coat  bass 

- 

1988 

Bollar  capacity  facto;  •• 

.BOB 

Frl«ary  fual  •• 

RATURAL  CAS 

Huobac  o£  ualta  for  raflt  *• 

1 

_ ARRUAL  COSTS 

# 

rvv.1 

FUEL 

TOTAL 

KhIKT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  A  H 

OAK 

|f  •jr)' 

kS 

VS 

VS 

_i$ 

Katucal  (aa  bollar 

— 

.800 

3.19 

.0 

1320.3 

172.6 

*83.3 

iZ  Oil  flrad  bollar 

— 

.BOO 

*.71 

.0 

224*. 7 

172.6 

*83.3 

.800 

.00 

.0 

.0 

.0 

.0 

Klcronlxad  coal  raflt 

1 

.BOO 

1.77 

23*6.7 

8*3.6 

378.6 

6*9.3 

Slastlnt  burnar  raflt 

1 

.BOO 

1.77 

*321.* 

8*3.6 

378.6 

6*9.3 

Modular  FBC  raflt 

1 

.700 

1.77 

3220.0 

634.2 

360.3 

629.8 

Stokar  firing  raflt 

1 

.760 

1.99 

3063.9 

96B.3 

360.3 

620.1 

Coal/watar  ilurry 

1 

.730 

3.00 

2272.1 

1323.1 

360.3 

3*6.3 

Coal/oll  alurry 

1 

.780 

3.30 

20*3.6 

1710.8 

286.9 

323.3 

J 

Run 

Inn 

1118.1 

■  332.3 _ 

Faekaiad  shall  stokar 

2 

Eia 

T 

Fackatad  shall  FBC 

2 

j^n 

i  & 

7  aW»j 

Flald  araetad  stokar 

1 

9*8.* 

j  Q 

Flald  araetad  FBC 

1 

B43.6 

*  ’  IjQ 

Fulvarlxad  coal  bollar 

1 

l^n 

1.77 

623,0 

■  »W|M 

ni 

llfal 

* 

AIR  rORCr.  PROJECT _ PRIVATE  PRWECT 


TECHNOIOGY 

#  OF 

UNITS 

COAL 

USE, 

ton  he 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

VS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FAYBACK 

PERIOD, 

_ rr _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

VS 

BENEFIT/ 

COST 

_ RATIOL^ 

Natural  cas  bollar 

“ 

17,169 

1.000 

<*■■*  Existing  system,  primary  fuel 

#2  011  flrad  bollar 

“ 

— 

22,613 

— 

— 

... 

0 

.. 

Mlcronlzad  coal  raflt 

1 

17,268 

17,120 

1.003 

26.0 

18,84* 

.911 

Slagtlns  bumar  raflt 

Not  applicable  because  of  space  limitations 

Modular  FBC  raflt 

Not  applicable  because  of  space  limitations 

Stoker  firing  raflt 

Not  applicable  because  of  space  limitations 

Coal/watar  slurry 

1 

16,*19 

21,237 

.608 

>31 

22,9*3 

.7*8 

Coal/oll  slurry 

Not  evaluated 

Low  Btu  aasiflar  raflt 

Not  1 

iDolleable  baeause  of  aoace  limitations 

Fackagad  shall  stokar 

2 

16,176 

20,;/*3 

.6*4 

>31 

23,161 

.7*1 

Fackagad  shall  FBC 

2 

18,176 

20,398 

.8*2 

>31 

23,710 

.72* 

Flald  araetad  stokar 

1 

17,268 

20,986 

.818 

>31 

24,89* 

.690 

Flald  araetad  FBC 

1 

17,268 

21,403 

.802 

>31 

25,650 

.669 

Fulvarlzad  coal  boiler 

1 

16,6*7 

21,879 

.785 

>31 

26,357 

.651 

Clreulatlnz  FBC 

1 

17.05* 

22.4*0 

.765 

>31 

.  --27.414 _ 

.626 

2:02  FM  Jan  11,  1989 
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TINKER  AFB:  AFLC 


1.  BACKGROUND 

Tinker  is  near  Oklahoma  City,  Oklahoma.  The  available  information 
for  Tinker  is  poor,  and  it  wa?  not  considered  in  the  C.  II.  Guernsey 
and  Co.  survey.  There  are  twc  boiler  plants  at  Tinker  AFB  that  are 
large  enough  for  some  consideration.  The  heating  plant  in  building 
No.  3001  is  r.hc  largest  of  these,  with  a  yearly  average  fuel  use  of 
roughly  150  HBtu/h.  The  heating  plant  in  building  No.  208  appears 
to  us®  a  year-round  average  of  about  75  HBtu/h  of  fuel.  Natural- 
gas-fuxng  is  used  with  distillate  oil  as  the  secondary  fuel.  No 
boilers  at  the  base  were  designed  for  coal  burning.  Only  plant  No. 
3001  was  considered  in  the  LCC  analysis. 

2.  HEATING  PLANT  UNITS 
Heating  Plant  No.  3001: 

3  «  97  HBtu/h,  Riley  Stoker,  19A2 
Heating  Plant  No.  208; 


A  X  A1  HBtu/h,  Wickes,  19A2 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  for  plant  No.  3001. 


Fuel 

input 

(HBtu/h) 

FY  1986 
ideal 
capacity 
factor 

100 

1.00 

120 

0.99 

140 

0.94 

160 

0.87 

180 

0.82 

200 

0.76 

220 

0.70 

ENERGY  PRICES 

FY  1986  Price  Data: 

Electricity  =  $lA/HBtu  =  4.8o/kWh 
Natural  gas  =  $2.85/HBtu 

Note:  Gas  prices  dropped  during  PY  1986  and  apparently  were  near 

$2.0/HBtu  in  the  latter  portion  of  the  year. 
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5.  COAL  PROPERTIES  AND  PRICES 


% 


* 


Origin 
HHV,  Bcn/lb 
Z  Ash 
Z  SuUur 
Z  Nicrogen 

Ash-sofcening  tcmperncurc,  *K 
Swelling  index 
Top  sixe,  in. 

Dotcom  sixci  in. 

Fines,  Z 

Grindabilicy  index 
Cose  ac  mine,  $/con 
Delivered  cost,  5/con 
Energy  cost,  5/10®  Bcu 

6.  ENVIRONMENTAL  RECUUTIONS 

6.1  Air  Pollution  Emission  Limits  for  New  Sources 

SO,.  For  boilers  <100  MBcu/h:  1.2  Ib/HBcu;  for  boilers 

>100  HBcu/h:  FBC  -  90Z  reduction  co  meet  limit  of  1.2  lb/ 
HBtu;  emerging  technology  *-  SOZ  reduction  co  meet  limit  of 
0.6  lb/HBf.i. 

NO^.  No  cmvjsion  limits  for  boilers  <100  HBCu/h;  for  boilers 
>100  HBCu/h:  spreader  stoker  and  FBC  —  0.6  Ib/HBtu;  pulverized 
coal  -  0.7  Ib/HBcu. 

Particulates.  For  99  HBtu/h:  0.3  lb/M8Cu;  for  boilers 

>100  HBtu/h:  0.05  Ib/HBtu. 

6.2  Coal-Pile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L,  pH  of  6.0-9.0c 

6.3  Ash  Disposal 

The  ash  will  have  to  be  analyzed  to  determine  if  it  is  hazard¬ 
ous.  If  nonhazardous,  the  ash  may  be  disposed  of  in  an  exist¬ 
ing  or  new  landfill  that  has  a  lining  of  3  ft  of  clay  with  a 
bottom  that  is  at  least  5  ft  above  groundwater. 

7.  OTHER  CONSIDERATIONS 

The  boilers  in  heating  plant  No.  3001  were  identified  for  upgrading 
in  1982. 


Stoker  ROM 


HcCallister,  Okla. 


12,800 

12,800 

6-7 

6-7 

0.77 

0.77 

2080 

3.5-5 

2 

0 

55 

A3  (assumed) 

35 

51 

43 

1.99 

1.68 

COAL-CONVERSION  PROJECT  OUTLOOK 


Tinker  may  be  a  poor  candidate  according  to  the  AFLC  HAJCOH.  Tinker 
does  seem  to  be  a  large  fuel  user,  however,  and  It  Is  not  clear  what 
would  make  it  a  poor  candidate.  Low  gas  prices  make  coal  unattrac¬ 
tive  at  this  time. 

A  likely  project  would  be  to  refit  or  replace  two  of  the  97-MBtu/h 
units  In  plant  No.  3001.  The  boilers  would  have  to  be  derated  to  75 
HBtu/h  output  each  (-188  HBtu/h  total  fuel  input)  because  they  were 
originally  designed  for  No.  2  oil.  An  overall  capacity  factor  of 
71%  Is  expected,  assuming  90%  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  The  SOj  emission  limits  will  require  the  use  of  low 
sulfur  coal  or  SOj  reduction  measures  with  high-sulfur  coal. 

NO^.  No  special  NOj^  reduction  measures  will  be  required  for 
any  of  the  combustion  technologies. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  No.  2  oil.  There  Is  only  space  available  for 
Installing  coal-water-mlxture  combustion  equipment  at  the 
existing  boiler. 

Coal-Handling  Equipment.  There  is  no  Information  on  the  space 
available  at  the  existing  plant,  but  It  Is  probable  that  there 
Is  not  enough  space  available  for  Installing  dry  coal-handling 
equipment.  There  should  be  adequate  space  available  for  In¬ 
stalling  coal-water-mlxture  equipment. 

Coal  Pile.  There  is  no  information  as  to  how  much  space  Is 
available  for  a  coal  pile  at  the  existing  boiler  plant. 

8.3  Technical  Risk  of  Combustion  Technologies 


The  existing  boilers  are  designed  for  No.  2  oil-  or  gas-firing 
and  therefore  are  only  suitable  for  conversion  to  coal-water- 
mixture  firing.  The  technical  risk  Is  only  moderate  because 
the  boilers  would  be  derated. 


U9 


9.  COGENERATIOM  PROJECT  OUTLOOK 

The  prospects  foe  a  coal-fired  cogeneration  system  appear  to  be 
somewhat  marginal.  The  base  has  a  high  minimum  monthly  average 
electric  load,  26  KWe,  but  the  price  of  electricity  is  moderate 
(A.8c/kWh).  Rased  on  the  FY  1986  energy-use  data,  a  cogeneration 
plant  with  a  boiler  rating  of  180-MBcu/h  output  and  a  13-HWe  turbine 
generator  would  have  an  electrical  power  capacity  factor  of  90%  and 
a  peak  thermal  output  of  135  HBtu/h  with  a  thermal  energy  capacity 
factor  of  about  90%  if  used  as  a  baseload  heating  plant.  A  water- 
tube  boiler  with  a  steam  rating  of  1450  psia  and  950*F  would  be  the 
most  suitable  boiler  for  this  cogeneration  system. 
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10.  XKFUT  AXO  IXC  StMVAY  SntlAOSHZCTS 


TI^  Art;  Ztys  wtg/hr.  Kaiaflc^AMHnag  nanim.  vALWg 


Total  ataaa  output  *>  130.0 

HBtu/hr 

Bollac  capacity  factor  ••  .712 

Kuebar  of  unlta  for  rafit  ••  2 

Bydratad  llaa  prlea(3/ton)  ••  *0.00 

COAL  noratxiEs 

Ash  disposal  prlca  (3/ton)  ••  10.00 

Clactrle  prlca  (eanta/kWh)  •*  *.80 

Ash  fraction 

••  .063 

.063 

Labor  rata  OcS/yt)  *>  33.00 

Sulfur  fraction 

w  ,008 

.008 

Llaastona  prlca  (S/ton)  **  20.00 

»HV  (Btu/lb) 

«  12800. 

12800. 

FUEL  nucts 

ruEL  nuexs 

Katural  (as  prlca  ($/KStu)  ••  2.83 

X.O.K.  coal  (S/KBtu) 

>  1.68 

82  011  prlca  (3/KStu)  -  *.71 

Stokar  coal  (S/KBtu) 

“  1.89 

86  011  prlca  (S/KBtu)  »  .00 

Coal/R20  Mix  (S/KBtu) 

«  3.00 

omaa 

Coal/oll  alx  (S/KStu) 

-  3.50 

Soot  blowar  eailtlpllar  *•  1.0 

Tuba  bank  (sod  st'Xtlpllar  •*  1.0 

Prlaaxy  fual  Is  3 

Bottoa  ash  pit  awltlpllar  ••  1.0 

KATVKAL  CAS 

S02  control  oultlpllar  1.0 

W6  Oil,  2*82  Oil,  3«KC 

LUCSTOMC/LIHC 

Inact  fraction  •*  .03 

BCOHOaC  rAXAHCTIXS 

InfUtlon  k  dlteountlnt  b*it  y«*c  m  1080 
C«n  intl«  Indtx  (}.d87  to  b«if  yr)  ••  1.0*0 

Caa  infU  Indax  (1088  to  baa#  ys)  -  1.000  • 

Oil  infla  Indax  (1068  to  baaa  yr)  ••  1.000 

Coal  Inlla  Indax  (1086  to  baaa  yr)  ••  1.000 

Pxojact  atart  yaac  *  1000 
Projaet  ^^^a  (yr)  ••  30 
Dapxaelatlon  Ufa  (yr)  *•  13 
Canaral  Inflation  rata  (f/yr)  ••  0 

Typa  of  (aa  aaealatlon  agaa 
Typa  of  oil  aaealatlon  ••  aoll 
Typa  of  coal  aaealatlon  <•  acoal 
Olaeount  rata  (X/yr)  •'  10 
Xata  of  ratum  on  Invaat  (Z/yr)  ••  17 
Aaount  of  wor'xlnt  capital  (ownth)  ••  2 
Fadacal  incooa  tax  rata  (Z)  ••  3* 
local  prop  tax  (k  Inaue)  rata  (Z)  ••  2 


RSM  CgCAUTIOM  RATE  (X/yr) 


FUEL 

TYPE  OF  FUEL 

ESCAUTION 

1888 

-1890 

1980 

-1995 

1993 

-2000 

2000  AHD 

BEYOHD 

Gas 

a(as 

3.89 

8.87 

5.77 

5.77 

Oil 

aoll 

*.86 

7.87 

*.16 

*.16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

1:11  PH 


Oct  21,  1088 
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TIWCrt.A»!__2  X  ?g.»ty/hr._gC«<nMl(L^  VALgg 

Total  it«M  outpob  ••  130.0  tfStu/hr  Cost  )i«««  y*ar  1911 

Bollat  capacity  factor  *•  .712  rclnaty  fuel  ••  HAtVIUUL  OA3 

ttuR^ar  of  units  for  rafit  ••  2 


Aa«\’ftLS?SI2. 


9 

FUEL/ 

Fva 

TOTAL 

KAIKT 

OTtlEX 

OF 

STEAM 

rxicc 

ariTAL 

FUEL 

0  A  H 

OAK 

lECttmCOT _ WITS 

EFF 

kO 

k? 

k3 

natural  gas  bollar 

— 

.800 

2.83 

.0 

3333.0 

302.7 

677.7 

92  Oil  firad  bollar 

— 

.800 

4.71 

.0 

3308.2 

302,7 

072.7 

#8  Oil  firad  bollar 

_.!99 

.00 

.0 

.0 

.0 

.0 

Hlcrontsad  coal  rafit 

2 

.800 

1.68 

66(3.9 

106(.7 

337.2 

1180.1 

Slagging  bumar  rafit 

2 

.800 

1.68 

11060.9 

186(.7 

337.2 

1189.1 

Modular  FBC  rafit 

2 

.790 

1.68 

12397.3 

1989.6 

320.( 

1112.6 

Stokar  firing  rafit 

2 

.7i0 

1.09 

10292.7 

2313.0 

817.3 

11(3.0 

Coal/watar  slurry 

2 

.730 

3.00 

6793.3 

37(2.3 

320.  ( 

1007.8 

Coal/oll  slurry 

2 

.780 

3.30 

3667. ( 

(198.1 

(1(.( 

887.7 

Low  Btu  lasifiar  rafit 

_L_ 

l.PO 

13(13.2 

_2*28.9 

(89.0 

2019.3 

Faekagad  shall  stokar 

3 

.70 

1.99 

13237.0 

2313.9 

817.3 

1213.0 

Faekagad  shall  FBC 

3 

.760 

1.66 

12571.3 

2068.1 

320. ( 

1190. 1 

Flald  aractad  stokac 

1 

.760 

1.09 

13787. ( 

2366.0 

81(.( 

1006.0 

Flald  aractad  FBC 

1 

.800 

1.68 

1(323.9 

196(.7 

80(.( 

1001.8 

Fulvarlxad  coal  bollar 

1 

.800 

1.68 

17938.3 

196(.7 

907.0 

1076.6 

glrfvlount,  FK _ 

i>m.7 

19*0.* 

- 

imjL 

TEC«HOlOr.Y 

9  OF 

i'HITS 

COAL 

USE, 

t<!>n/yr 

_ AlH  FORCE  FFOltCT _ 

PRIVATE  PROJECT. 

LIFE 

CYCLE 

COST, 

DISCOUHTEO 

AS  SFE.HT 

kS 

BEHEFlTf 

COST 

RATIO 

DISCOUHTEO 

FAYBACK 

FERXOO, 

_ yr 

LIFE 

CYCLE 

COST, 

DISCOUHTEO  BEHEFIT/ 

AS  SFE.HT  COST 

_ k$  RATIO.^ 

natural  gas  bollar 

— 

66,(71 

1.000 

<**■  Existing  system,  primary  fual 

92  011  firad  bollar 

— 

— 

01.617 

— 

— 

— 

0 

— 

Hlcronlxad  coal  rafit  Kot  appllcabla  baeauta  of  tpaea  limitations 

Sla((ln(  burner  rafit  Kot  appllcabla  baesusa  of  spaea  limitations 


Modular  FBC  rafit  Hot  appllcabla  bacausa  of  apaca  limitations 

Stokar  firing  rafit  Hot  appllcabla  bacausa  axlatlng  hollars  wara  dasignad  for  92  oil 


Coal/watar  slurry 
Coal/oll  slurry 

Low  Btu  saslfiar  rafit 

2  (6,726  33,062  1.232  K.O 

Kot  avaluatad 

Hot  aoDllcabla  bacausa  of  soaea  limitations 

37,692 

1,1(8 

Faekagad  shall  stokar 

3 

(0,366 

31,221 

1.208 

13.0 

SO,  IK 

1.12( 

Faekagad  shall  FBC 

3 

(8,066 

(3,637 

1.323 

10. ( 

30,091 

1.30( 

Flald  aractad  stokar 

1 

(6,833 

50, (7( 

1.317 

13.0 

39,386 

1.116 

Flald  aractad  FBC 

1 

(3,662 

(3,(03 

1.332 

10.7 

31,603 

1.268 

Fulvarlxad  coal  bollar 

1 

(3,682 

(9,702 

1.337 

K.O 

39,8(0 

1.111 

Cireulatlna  FBC 

1 

(5.118 

(5.805 

—Lain _ 

12.6 

55.7(5 

1.192 

1:11  FM  Oct  21.  1988 
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iiBB  a  ■3L?.2Jgm/iiii.?m  mkJSKiiAiiss^6iB.m7. 


Total  BtatM  output  ••  130.0 

KItu/hr 

loilar  capacity  factor  ^  .712 

Kumbar  of  units  for  raflt  «  2 

Kydratad  lima  priea(3/ton)  «  AO. 00 

cou.  ncmriis 

Ash  diapcaal  priea  (3/ton)  ••  10.00 

K.O.M. 

Siskxt 

Claetrtc  priea  (eanta/kUh)  »  A. CO 

Aah  fraction 

«  .093 

.093 

Labor  rata  Oc3/yr)  *•  33,00 

Sulfur  fraction 

>  .009 

.009 

Llmaatona  priea  (3/ton)  ••  20.00 

KXV  (Itu/lb) 

-  12900, 

12900. 

POB.  nUCES 

Piisi,  nuexs 

Katural  |aa  priea  (3/Kltu)  *•  2.93 

X.O.K.  coal  (3/Hliu) 

-  1,99 

92  Oil  priea  (3/Kltu)  -  A. 71 

Stokar  coal  (3/Kitu} 

-  1,99 

90  Oil  priea  (3/Kltu}  ~  .00 

Coal/HlO  mix  (S/HItu) 

>  3.00 

ORIOMS 

Coal/olL  ailx  (3/Hitu) 

-  3,30 

loot  blowac  aultlpllar  •*  1,0 

Tuba  bank  mod  aailtlpliar  <*  1.0 

Primarr  foal  la  3 

lottoaa  aah  pit  Mltlpllar  *•  1.0 

KATVXAL  CAS 

302  control  multipllar  ••  1.0 

W6  Oil,  2*92  Oil.  3-HC 

LIMSTOKK/LIHE 

Inart  fraction  ••  .03 

KXMKIC  rAUNETBS 

Inflation  A  diieountint  b«i«  y*«r  **  1918 
Can  infU  Indax  (1997  to  fatsa  yt)  ~  1. 040 

Ca«  Inflt  Indax  (1999  to  bata  yr)  “  l.OOO 

Oil  InfU  indax  (1999  to  baat  yr)  *  1.000 

Coal  infla  indax  (1999  to  bata  yr)  ••  1.000 

Frojaet  ttart  yatc  *  1990 
Projaet  lift  (yr)  30 
Oapraeiatlon  Ufa  (yr)  ^  13 
Canaral  Inflation  rata  (Xfyr)  **  0 

Typa  of  ftt  aiealation  **  ayaa 
Typa  of  oil  aaealation  **  toil 
Typa  of  coal  aaealation  •*  aeotl 
Diaeount  rata  (Z/yr)  *•  10 
Kata  of  raturn  on  invaat  (Z/yr)  **  17 
Amount  of  ««orkin(  capital  (month)  *•  2 
Fadaral  incoma  tax  rata  (Z)  ••  34 
Local  prop  tax  (6  inaur)  rata  (Z)  ••  2 


REAL  ESCALATIOW  HATE  (X/yr) 


TYPE  or  FUEL 

ESCAUTION 

lose 

-1090 

1980 

-1995 

1993 

-2000 

2000  AMD 

BtYOMO 

Gat 

agaa 

2.28 

A. 70 

5.A9 

2.75 

Oil 

toil 

.17 

A. IS 

5.35 

2.77 

Coal 

acoal 

1.A6 

1.76 

1.51 

.81 

1:17  FH 


Oct  21,  1988 
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Tiinflg.Ani-3 1  ??  wiu/hr..!mjiiai  BCttAiiaL^LAW.iim 

Total  ataa«  output  *  130.0  K8tu/ht  Coat  bat*  yaac  «•  1886 

Bclitc  capacity  Taetoc  ••  .712  rcinacy  fuel  ••  ((ATUXAL  CAS 

Kui^ar  o£  unite  foe  tafit  •  2 


AgfflALIWlS. 


* 

mu 

PWEt 

TOTAL 

HAIKT 

OTHtK 

op 

STtAM 

nucc 

CAPITAL 

pva 

0  A  H 

0  AH 

K-7iii-lQ1 

kS 

k$ 

kS 

..k5 

'Katucal  |aa  bollar 

■aai 

.800 

BSi 

.0 

3333.0 

302.7 

672.7 

#2  011  flcad  bollar 

«fa 

.800 

jgm 

.0 

3308.2 

302.7 

672.7 

•a  a* 

.  .0 

.0 

.0 

.0 

Hleronlxad  coal  raflt 

2 

.800 

1.88 

86*3.8 

196*.7 

337.2 

1180.1 

Sla«(lnt  bumar  raflt 

2 

.800 

1.86 

11060.8 

186*.7 

337.2 

1180.1 

Modular  FK  raflt 

2 

.780 

1.61 

12387.3 

)a89.6 

320.1 

1112.6 

Stokar  firing  raflt 

2 

.7*0 

1.08 

102i;r,.7 

2313.0 

817.3 

11*3.0 

Coal/watar  flurry 

2 

.730 

3.00 

6783.3 

37*2.3 

320.1 

1007. 8 

Coa.\/pll  flurry 

2 

.780 

3.30 

3667.* 

*108.1 

111.1 

887.7 

Lo«  Jitu  itliflar  raflt 

_1_ 

1.88  _ 

*80.0 

Faekagad  ahell  ftokar 

3 

.7*0 

1.(8 

13237.8 

2313.0 

817.3 

1213.0 

Packagad  aball  FBC 

3 

.780 

1.61 

12371.3 

2058.1 

320.* 

1100.1 

Plaid  aractad  ftokar 

1 

.780 

1.88 

13787.* 

231)6.0 

81*.* 

1006,8 

Plaid  aractad  PBC 

1 

.800 

1.68 

1*323.8 

1861.7 

60*.* 

1001.8 

Pulvarlfad  coal  bollar 

1 

.800 

1.68 

17838.3 

1861.7 

807.0 

1078.6 

J 

■1M 

1.68 

AIK  met  raOJECT 

TtCHWLOCY 

*  OF 

WITS 

COAL 

USE, 

ton/Yr 

LIFE 

CYCLE 

COST, 

DISCOUMTEO 

AS  SPEKT 

.  kS 

BEKEFIT/ 

COST 

KATIO 

DISCOUKTEO 

PAYBACK 

PERIOD . 

_ yr _ 

LIFE 

CYCLE 

COST, 

DISCOU)iTEO 

AS  SPE.HT 

_ kS 

BE.SEFIT/ 

COST 

_ RATIO 

Katural  gai  bollar 

*0,607 

l.OOO 

<**-  Exlatlng  ayataa,  prlaary  fual 

82  011  flrad  bollar 

— 

— 

72,667 

— 

#6  0.11  fl'-'<<i  bollar 

•  a. 

.. 

_ 5 _ _ 

•  • 

Klcr^lzad  coal  raflt 

Hot  appllcabla  bacauaa  of  spaca  llmltatlona 

Slagging  bumar  raflt 

Hot  appllcabla  bacauaa  of  apaea  llaltatlona 

Hodular  FBC  raflt 

Hot  appllcabla 

bacauaa  of  apaea  llaltatlona 

Stokar  firing  raflt 

Hot  appllcabla  bacauaa  axlatlng  bollara  vara  daalgnad  for  #2  oil 

Coal/Matar  flurry 

2 

*8,726 

32.167 

.015 

>31 

57,280 

.666 

Cofl/oll  flurry 

Kot  avaluatad 

KBs 

Packtgad  fhall  ftokar 

3 

*8.366 

50,821 

.076 

>31 

58,703 

.8*5 

Paekagfd  fhall  FBC 

3 

*8,086 

*3,308 

1. 1*5 

16.3 

30,653 

.870 

Flald  aractad  atokar 

1 

*6,833 

30,08* 

.090 

>31 

59,196 

.638 

Plaid  aractad  FBC 

1 

15,682 

*3,080 

1.151 

16.5 

51,281 

.967 

Fulvarlzad  coal  bollar 

1 

15,662 

19,380 

1.001 

30.2 

59,526 

.833 

Clrculatlnf  FBC 

1 

-.*5,118 

*5. *06 

20.7 

55.128 

.895 

1:17  FM  Ocb  21,  1088 
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Timn  AH;  3  X  75  wtu/hr.  rVfL  MAL  PCAUTIOIt  ^  WK> 
7ot*L  ttfis)  output  *•  130.0  KStu/ht 
8oll«e  c«p«clty  factor  "  .712 
Kts^ar  o£  unite  for  refit  ••  2 


Hydrated  line  priea(S/ton)  40.00 

COAL  nomrm 

Aah  dlapoxal  price  (8/ton)  *•  10.00 

R.O.H. 

gtoker 

Clectrio  price  (centa/lWh)  4.80 

Aah  fraction  «  .063 

.063 

m 

Labor  rata  (k8/yr)  33.00 

Sulfur  fraction  ••  .008 

.008 

Ltneatone  price  (8/ton)  *•  20.00 

HHV  (8tu/lb)  w  12(00. 

12800. 

ruo.  nucEs 

nm.  nticks 

Ketiiral  tea  price  (8/K>tu)  <•  2.63 

X.O.H.  coal  (8/H8tu)  *  1.68 

n 

82  Oil  price  (S/KStu)  *  4.7i 

Stoker  coal  (3/KBiu)  ••  1.00 

16  Oil  price  (S/KStu)  »  .00 

Coal/R:0  Nix  (3/HStu)  «  3.00 

OPTIONS 

Coal/oll  Nix  (S/HBtu)  w  3.30 

Soot  blower  nultlpliar  ••  1.0 

Tube  bank  Md  nultlpllar  w  1.0 

PclMcy  fuel  la  3 

Bottoa  aah  pit  multiplier  *  1.0 

HATVPAL  CAS 

S02  control  teultlpliar  ••  1.0 

W6  Oil.  2>82  Oil.  3-MC 

LMSTOHe/LlKC 


Inert  fraction  “  .03 
ZQONCMIC  rASAHErntS 

Inflation  &  diacountint  baK*  year  •>  lOlt 
Can  infla  index  (1907  to  baa*  yr)  ••  l.OiO 

Gaa  infla  index  (1068  to  beat  yr)  •*  1.000 

Oil  infla  index  (1088  to  beat  yr)  <<  l.ODO 

Coal  infla  Index  (1068  to  ba«a  yr)  ••  1.000 

Trojeet  atart  year  ••  1060 
Project  Ufa  (yr)  »  30 
Depreciation  life  (yr)  *  18 
General  inflation  cate  (X/yr)  •*  0 

Type  of  las  eacalation  ••  xero 
Type  of  oil  eacalation  "  xero 
Type  of  coal  eacalation  ••  xero 
Dlacount  rata  (Z/yc)  •*  10 
Rate  of  return  on  inveat  (Z/yr)  17 
Anount  of  worklns  capital  «aontb)  ••  2 
Federal  Incoae  tax  rata  (Z)  ••  34 
Locul  prop  tax  (8i  insur)  rata  (Z)  -  2 


SEAL  KgftLATlW.WTg 


TYPE  OF  FUEL 

1088 

1900 

1093 

2000  AKD 

-1990 

-1005 

-2000 

Gaa 

x«ro 

0 

0 

0 

0 

Oil 

Xfiro 

0 

0 

0 

0 

Coal 

ktro 

0 

0 

0 

0 

1:22  PM 


Oct  21,  1088 
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TiyOR,  <OTi.-Z JL?.2.«ita/bx.  iva  MMt  l«ai^nW.:LS3«» 

Toi*l  output  ••  ISO.O  KStu/hc  Coat  S>aa«  y«ac  ••  iSSI 

BolUr  capacity  factor  «  .712  PrlMcy  futl  <•  KaTVXAL  OAS 

Kunbac  of  unite  foe  rtflt  «  2 


* 

or 

TtCtiHOlOOY _ WITS 

TVtll 

sttta 

EFF 

rOEL 

PXICC 

S/«tu 

IOTA!. 

CAPITAL 

.  kS 

A.SWAL  COSTS 

HAINT  OTHEX 

nta  0  g.H  0  AH 

_ _ kS _ kS _ 

Natural  gat  boiler 

— 

.600 

2.63 

.0 

302.7 

672.7 

42  011  flrad  bollar 

— 

.800 

4.71 

.0 

3306.2 

302.7 

672.7 

•  • 

.1(50 

.60 

.0 

.0 

.0 

HlcronUad  coal  refit 

2 

.100 

1.68 

66*3.0 

106*. 7 

337.2 

1180.1 

SUctlni  burner  refit 

2 

.600 

1.88 

11066.0 

106*. 7 

337.2 

1160.1 

Modular  FBC  refit 

2 

.7S0 

1.66 

12307.3 

1060.6 

320.4 

1112,6 

Stoker  firing  refit 

2 

.7*0 

1.09 

10292.7 

2313.9 

617,5 

1143.0 

Coal/Mater  e lurry 

2 

.730 

3.00 

6703.  S 

37*2.3 

320.4 

1007.8 

Coal/oll  alurry 

2 

.760 

3.30 

5667.* 

4106.1 

*1*.* 

687.7 

_2_ 

1.09 

iTsm 

■mm 

Fackaged  thell  atokcr 

3 

.7*0 

1.00 

13237.0 

2313.0 

017.3 

1213.0 

Packaged  ahelL  F8C 

3 

.700 

1.66 

12371.3 

2066.1 

320.4 

1100.1 

Field  erected  atoker 

1 

.760 

1.09 

13767.4 

2365.0 

614.4 

1006.0 

Field  erected  FBC 

1 

,600 

1.66 

1*323.0 

1084.7 

604.4 

1001.8 

Fulverlxed  coal  boiler 

1 

.600 

1.66 

17038.3 

1084.7 

097.9 

1076.6 

1 

_JiO 

1.68 

10*0.4 

31^3 

ftih  _ rRlVATg  rawKT 


TECflJWLOCY 

4  OF 

WITS 

COAL 

USE. 

ton/vr  . 

LIFE 

ctax 

afflT, 

OrSCOUhTED 

AS  SPEKT 

k? 

BEhEFIT/ 

COST 

RATIO 

DtSCOUhTEO 

PAYBACK 

PERIOD, 

_ 5tr _ 

LIFE 

CYCU 

COST, 

DISCOUhTEO 

AS  SPEhT 

_ _ kS _ 

BEhEFIT/ 

COST 

_ RATIO 

Hatural  gas  boiler 

33,014 

1.000 

e—  Existing  ayateo,  priaary  fuel 

#2  011  fired  boiler 

— 

— 

30,661 

— 

•  • 

•  • 

_ e _ 

«« 

Hlcronlsad  coal  refit 

Hot  applicable  because  of  space  llaltations 

Slagging  burner  refit 

hot  applicable  because  of  space  lialtstlona 

Modular  FBC  refit 

hot  applicable  because  of  space  llaltations 

Stoker  firing  refit 

hot  applicable  because  existing  boilers  were  designed  for  42  oil 

Coal/water  slurry 

2 

*8,726 

*7,275 

.717 

>31 

31,020 

.633 

Coal/oll  alurry 

hot  evaluated 

Packaged  shell  stoker 

3 

*0,366 

47,317 

.717 

>31 

35,100 

.616 

Packaged  shell  FBC 

3 

*9,086 

40,426 

.639 

>31 

47,690 

.711 

Field  erected  atoker 

1 

*6,833 

46,770 

.723 

>31 

55,777 

.606 

Field  erected  FBC 

1 

*3,682 

*0,35* 

.8*0 

>31 

*8,467 

.700 

Pulverized  coal  boiler 

1 

43,682 

*6,633 

.727 

'31 

56,71* 

.398 

Cireulatlns  FEC 

1 

*5.118 

*2.793 

.793 

>31 

52.6*9 

.6*4 

1:22  m  Oct  21.  1088 
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ARMOU)  APS:  Apse 


1.  BACKGROUND 


Arnold  APB  is  Loesced  near  Hsnehescer,  Tennessee.  The  main  scean 

plane  consists  oC  3  v  72-HBcu/h  and  a  24-HBcu/h  boiler,  all  cP  which 

were  designed  for  medium  voUcile  bicuminous  coal  buc  now  fire  • 

nacural  gas  and  discillace  (No.  2}  oil  (secondary  fuel).  Coal” 

firing  was  replaced  by  gas  and  oil  in  1970. 

All  units  are  Edgemoor  Iron  Works  waterwall  sterling~cype  boilers  ■* 

with  air  preheaters  manufactured  by  Edgemoor  installed  on  the  three 
larger  units.  Saturated  steam  at  200  psig  is  produced.  According 
to  C.  H.  Guernsey  and  Co.,  the  large  boilers  have  efficiencies  of 
76Z,  and  the  small  boiler's  efficiency  is  71Z.  Peak  load  is  re¬ 
ported  to  be  210  HBcu/h,  and  the  yearly  fuel  use  ranges  from  600,000 
to  700,000  HBtu/year  (an  average  of  69-80  HBtu/h). 


2.  HEATING  PLANT  UNITS 
Heating  Plant  No.  lAll: 

24  HBcu/h,  3  K  72  KBtu/h,  Edgemore  Iron  Works,  1951 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  maximum  possible  capacity  factors  as  a  function  of  project  sice 
are  given  below  for  plant  No.  1411. 


Fuel 

input 

(HBtu/h) 

FY  1986 
ideal 
capacity 
factor 

60 

0.99 

70 

0.94 

80 

0.89 

90 

0.83 

100 

0.77 

110 

0.72 

120 

0.66 

ENERGY  PRICES 

FY  1986  Price  Data: 

Electricity  =  $13.0/HBcu  =  4.44o/kWh 
Distillate  =  $6.88/HBtu 
Natural  gas  -  $3.81/HBtu 


C.  H.  Cuerntey  and  Co.  Survey; 


Electricity  =  4.5c/kWh 
Natural  gas  «  §3.97/HBtu 

COAL  PROPERTIES  AND  PRICES 


Stoker  ROH 


Origin 

Harlan,  Ky. 

Sarah,  Ky 

HHV,  Btu/lb 

13.200 

12,000 

%  Ash 

6—8 

10 

X  Sulfur 

1.3 

1.5 

X  Nitrogen 

Ash-softening  temperature,  *F 

2600 

2600 

Swelling  index 

4-6 

3.5-^ 

Top  size,  in. 

1  1/4 

2 

Bottom  size,  in. 

1/4 

0 

Fines,  % 

5 

35 

Crindability  index 

46 

47 

Cost  at  mine,  $/con 

33 

23 

Delivered  cost,  $/con 

52 

42 

Energy  cost,  $/\0®  Btu 

1.97 

1.75 

ENVIRONMENTAL  REGUUTIONS 


6.1  Air  Pollution  Emission  Limits  for  New  Sources 

SO,.  No  emission  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBtu/h:  FBC  *  90X  reduction  to  meet  limit  of  1*2  lb/ 
HBtu;  emerging  technology  -*  50Z  reduction  to  meet  limit  of 
0.6  Ib/HBtu. 

NO,t.  No  emission  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBtu/h:  spreader  stoker  and  FBC  -  0.6  Ib/HBtu;  pulverised 
coal  -  0,7  Ib/MBtu. 

Particulates.  For  boilers  <100  HBtu/h:  E  «  0*6[10/(HBtu/ 
h)]o.5S66;  for  72  HBtu/h:  0.2  Ib/HBtu;  for  boilers  >100  H^Btu/h: 
0.05  Ib/HBtu. 

6.2  Coal-Pile  Runoff 

Limit:  Total  suspended  solids  —  50  mg/L. 

6.3  Ash  Dinposal 

Coal  ash  ib  classified  as  solid  was  extraction  procedure 

(EP)  will  be  required  to  determine  it  i.he  waste  is  nonhaxard- 
ous.  If  the  test  is  negativei  the  ash  will  be  classified  as 
special  waste.  The  Nashville  Field  Office  will  issue  a 
"Special  Waste  Approval i"  necessary  to  dispose  of  the  ash  in  an 
existing  landfill. 
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7.  OTHER  CONSIDERATIONS 
Nov^e 

8.  COAL-CONVERSION  PROJECT  OUTLOOK 

Ic  appeari  co  be  most  economical  Co  convert  one  72-HBCu/h  unit  back 
Co  coal.  This  corresponds  Co  a  fuel  input  of  about  95  HBCu/h.  The 
maximum  possible  capacity  factor  based  on  monthly  FY  1986  data  is 
about  SOX.  With  a  90X  equipment  availability,  a  realistic  capacity 
factor  would  be  about  72X. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
TechnoloRies 

SO,  and  NOy,  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for 
or  SO,  reduction  because  the  proposed  conversion  project  is 
smaller  than  100  HBcu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  Che  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  coal.  There  is  space  available  for  reinstalling 
combustion  equipment  at  the  existing  boiler  or  for  construction 
of  a  new  boiler  at  another  sice  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  install¬ 
ing  coal-handling  equipment  at  the  existing  boilers. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8 . 3  Technical  Risk  of  Combustion  Technologies 

These  boilers  were  originally  designed  for  pulverized  coal¬ 
firing.  The  least  technical  risk  would  be  for  conversion  to 
micronized  coal-firing,  because  no  SO,  reduction  measures  will 
be  required  for  one  boiler  because  it  is  <100  HBtu/h. 

9.  COGENERATION  PROJECT  OUTLOOK 

Cogeneration  would  probably  not  be  economical  at  this  base  because 
of  Che  reasonably  low  electric  power  rates  Chat  are  available  from 
TVA. 
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10.  IHfUT  AXO  UX  SUttMXY  SmAOSKEITS 


AMOLD  ATS;  1  X  7Z  Mtuyhr.  KaggC.JfAKAWmtM  “  IWHIMM.  mun 


Total  atam  output  ••  72.0 
Bollar  eapacltr  factor  ■>  .720 
Kuaibac  of  unlta  for  raflt  ••  1 
Bydratad  llaa  prlea(3/ton)  •  10.00 
Afh  dlapoaal  prlca  (S/ton)  **  10.00 
Slactrle  prlca  (canta/kVih)  »  1.30 
Labor  rata  (bS/yr)  ••  33.00 
Liaaatona  prlca  <9/ton)  **  20.00 
nno.  nucacs 

Katural  faa  prlca  (S/KBtu)  **  3.S7 
#2  OIL  prlca  (S/K8tu)  -  1.71 
#S  Oil  prlca  (S/KBtu)  ••  ,00 
ORXOHS 

Soot  blowac  Bultlpllar  ••  .0 
Tuba  bank  cMd  tMltlpllar  **  .0 
Bottoa  ath  pit  isultipllar  ••  1.0 
S02  control  aultlpllar  ••  .0 
LDCSTOKC/LIHC 

Inart  fraction  .03 


KBtu/hr 


COAL  monuTics 

B.O.H. 

Aih  fraction  .100 
Sulfur  fraction  ••  .013 
BBV  (8tu/lb)  ••  12000. 

run.  mcxs 

R.O.H.  coal  (S/KBtu)  -  1.73 
Stokar  coal  (S/KBtu)  ••  1.07 
Coal/K20  ailx  (S/K3tu)  -3.00 
Coal/oll  mix  (S/KBtu)  ••  3.30 

rclMcr  fual  la  3 
HATUXAL  GAS 

W6  Oil,  2»*2  Oil,  3-HG 


rooMOKic  rAiAMtmts 

Inflation  A  dlacountlng  bata  yaar  «  IBSS 
Can  Infla  Indax  (1087  to  baaa  yr)  •<  1.010 

Gas  Infla  Indax  (1088  to  baaa  yr)  ■  1.000 

Oil  Infla  Indax  (1008  to  baaa  yr)  -  1.000 

Coal  Infla  Indax  (1088  to  bata  yr)  "  1.000 

Frojact  atart  yaar  ••  1000 
Projact  Ufa  (yr)  •>  30 
Dapraclatlon  Ufa  (yr)  ••  13 
Canaral  Inflation  rata  (Z/yr)  ••  0 

Typa  of  gas  aacalatlon  ■■  agat 
Typa  of  oil  aacalatlon  ••  toll 
Typa  of  coal  aacalatlon  **  aeoal 
Discount  rata  (Z/yr)  ••  10 
Rata  of  ratum  on  Invaat  (Z/yr)  ■■  17 
Aaount  of  working  capital  (oonth)  *■  2 
Fadaral  Incooa  tax  rata  (Z)  ••  31 
Local  prop  tax  (&  Intur)  rata  (Z)  •>  2 


REAL  ESCAUTIOH  RATE  (Z/vr) 


TYPE  OF  FUEL 

1088 

1990 

1993 

2000  AND 

% 

FUEL 

ESCAUTIOH 

-1995 

BEYOND 

Gai 

•Sas 

3.89 

8.87 

5.77 

5.77 

oil 

aoll 

1.86 

7.87 

1.16 

1.16 

Cool 

aeoal 

i.ie 

2.31 

1.19 

1.19 

StQ)tar 

.070 

.013 

13200. 


10:32  AH  Oct  19,  1088 


Total  itaMB  output  «•  72.0  KStu/hr  Cost  bsi*  ytsE  "  1098 

Bollar  etpselty  Caetoc  ••  .720  FrltEaty  Cual  ••  NATURAI.  CAS 


Nunbar  oC  units  for  raflt  ■■ 

1 

_ ANNUAL  COSTS _ 

* 

FUEL/ 

FUEL 

TOTAL 

MAI.NT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  &  H 

0  &  H 

VS 

VS 

VS 

VS 

Natural  tas  bollar 

... 

iffll 

3.07 

.0 

2233.6 

202.2 

323.0 

#2  011  fltad  bollar 

— 

A.71 

.0 

2673.0 

202.2 

323.0 

.. 

.0 

.0 

.0 

.0 

Kleronlzad  coal  raflt 

1 

.800 

1.73 

3130.0 

003.4 

420.3 

710.3 

Slactlni  bumar  raflt 

1 

.600 

1.75 

3A7A.2 

003.4 

420.3 

710.3 

Modular  FBC  raflt 

1 

.700 

1.73 

6200.0 

1006.0 

300.6 

603.0 

Stokar  fltlns  raflt 

1 

.700 

1.07 

3853.3 

1177.1 

300.6 

673.2 

Coal/watar  slurry 

1 

.780 

3.00 

28A2.2 

1016.3 

300.8 

607.3 

Coal/oll  slurry 

1 

.780 

3.30 

2336.6 

2037.7 

318.2 

373.0 

_1_ 

.670 

1.07 

lixUU 

368.3 

ngm 

Paekatad  shall  stokar 

2 

.760 

1.07 

3A75.5 

1177.1 

300.6 

770.8 

Fackatad  shall  FBC 

2 

.760 

1.75 

6008.6 

1043.7 

300.6 

702.3 

Flald  araetad  stokar 

1 

.800 

1.07 

8110.7 

1118. S 

307.2 

664.6 

Flald  araetad  FBC 

1 

.800 

1.73 

8030. A 

003,4 

464,1 

603.6 

Pulvarlsad  coal  bollar 

1 

,820 

1.73 

0A68.3 

060.2 

468.0 

724.4 

gUovlniPi.rg? .  -1  ,.»10  -  t.??  -10?,90..0,  .m,\ _ mji _ 2SL£ 


AIR  rf?!»cg,.FR,WKSI _ FSlvATs  rawtCT 


TECKTOLOCY 

#  OF 

UNJTS 

COAL 

USE. 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

VS 

BENEFIT/ 

COST 

_ RATIO, 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ yr _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

BENEFIT/ 

COST 

_ RATIO  _ 

Natural  gas  bollar 

43,468 

<— *■  Existing  systaa,  prlaary  fual 

#2  011  flrad  bollar 

— 

— 

46,608 

aa. 

•  a. 

0 

Kleronltad  coal  raflt 

1 

23,632 

21,230 

2.141 

3.0 

23,388 

1.046 

Slagging  bumar  raflt 

1 

23,632 

23,166 

1.063 

3.7 

26,460 

1.717 

Modular  FBC  raflt 

1 

23,031 

23,600 

1.027 

6.2 

27,334 

1.663 

Stokar  firing  raflt 

Not  applleabla  bacausa  axlstlng  bollar  was  daslgnad  for  nilvarlzsd  coal 

Coal/watar  slurry 

1 

23,220 

27,624 

1.646 

3.8 

20,780 

1.326 

Coal/oll  slurry 

Not 

avaluatad 

2 

KmCn 

26.215 

8.3 

Packagad  shall  stokar 

2 

22,633 

23,101 

1.811 

6.4 

28,476 

1.397 

Packagad  shall  FBC 

2 

24,807 

23,226 

1.802 

7.1 

29,303 

1.352 

Flald  araetad  stokar 

1 

21,302 

23,887 

1.756 

7.9 

30,372 

1.487 

Flald  araetad  FBC 

1 

23,032 

26,247 

1.732 

8.4 

31,346 

1.431 

Pulvarlzad  coal  bollar 

1 

23,073 

26,716 

1.702 

8.9 

32,080 

1.417 

1 

23.360 

27.578 

1.649 

_ Li _ 

33.610 

1.353 

10:S2  AM  Oct  19,  1998 


131 


AM«XP  AW;  1X71  ^KK^Uhr.  TOP.  »gAL  BCAL*TIO>  ■»  AEO  1987 
Total  ataaM  output  ••  72,0  K>tu/ht 
Bollac  capacity  factor  ••  .720 
Kunfaar  of  unlta  for  raflt  »  1 


ttydratad  llaa  pclca(3/ton)  ••  40.00 

COAL  nomriis 

Aah  dlapoaal  prlca  (3/ton)  ••  10.00 

R.O.M. 

Slskix 

Elactrlc  prlca  (canta/kUh)  4.30 

Aah  fraction  •*  .100 

.070 

Labor  rata  ()iS/yr)  33,03 

Sulfur  fraction  >  .013 

.013 

Llaaatona  prlca  (3/ton)  ••  20.00 

BRV  (Btu/lb)  ••  12000. 

13200, 

mt  nucis 

run.  rticis 

Natural  |aa  prlca  (S/HItu)  ••  3,07 

X.O.H.  coal  (3/K8tu)  ••  1.73 

#2  011  price  (3/M8tu)  «  4.71 

Stobar  coal  (3/MBtu)  »  1.67 

#6  011  prlca  (3/MStu)  ••  .00 

Coal/H20  Mix  (S/KBtu)  «  3.00 

ORIOn 

Coal/oll  Mix  (S/MBtu)  -  3.30 

Soot  bloMar  aailtlpllar  .0 

Tuba  ban):  BMd  BMltlpUar  *  .0 

frlMary  fual  la  3 

Bottca  aab  pit  aMltlpllar  ••  1.0 

NATURAL  CAS 

S02  control  aultlpllar  .0 

W6  Oil,  2*82  Oil,  3>NG 

LTMESTOa/LDC 


Inact  fraction  .03 

BOOMQKIC  POAMCmS 

Inflation  fc  dlicountlnc  biia  yaar  <■  1601 
Can  Ir.Ua  Indax  <1617  to  basa  yr)  ••  1.040 

Caa  Infla  indax  (108$  to  baia  yr)  «*  1.000 

Oil  iQfla  indax  <1988  to  baia  yr)  -  1.300 

Coal  Infla  Indax  (1988  to  baaa  yr)  *•  1,000 

frojact  atart  yaar  ••  1990 
Frojact  Ufa  (yr)  •*  30 
Dapraclatlon  Ufa  (yr)  13 
Canaral  Inflation  rcta  (X/yr)  *■  0 

Typa  of  (aa  aicalation  *■  agaa 
Typa  oZ  oil  aacalatlon  ■■  aoll 
Typo  of  coal  aacalatlon  acoal 
Dlacount  rata  (Z/yr)  10 
Rata  of  ratum  on  Invaat  (X/yr)  ••  17 
Asount  of  Moilclnt  capital  (aonth)  2 
Fadaral  Incoaa  tax  rata  (R)  ••  34 
Local  prop  tax  (fc  Inaur)  rata  (X)  ••  2 


RTAL  rSCALATIOW  RATE  (X/yr) 


TYPE  OF  FUEL 

ESCALATION 

1688 

-1990 

1960 

-1995 

1093 

-2000 

2000  AND 

BEYOND 

Caa 

agaa 

2.28 

4.70 

3.49 

2,73 

Oil 

aoll 

.17 

4.16 

5.55 

2.77 

Coal 

acoal 

1.4S 

1.76 

1.61 

.81 

11:00  AM  Oct  19.  1988 
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AKWOU?  m;  1  X  72  MBtg/hr.  TVtl  mL  BCAUTIOIj  ^AB?_i987 
Total  «t«*a  output  ••  72.0  K3tii/hr  Coat  baaa  yaat  "  10S8 

SolLar  capacity  Taetoc  ••  .720  Pclaary  Cut!  ••  HATVRAL  CAS 

Kuesbar  o£  unite  for  catlt  «  1 


AWl»AL  COSTS 


# 

FUEir 

FUEL 

TOTAL 

MAINT 

OTHER 

OF 

STEA.M 

PRICE 

CAPITAL 

FUEL 

0  &  H 

0  &  H 

kS  . 

VS 

kS 

M 

Natural  taa  bollar 

— 

.600 

3.97 

.0 

2233.6 

202.2 

323.0 

#2  011  llrad  bollar 

— 

.830 

A.71 

.0 

2673.6 

202.2 

323.0 

#5  011  flrad  bollar 

.800 

.0 

.0 

.0 

.0 

HUronlxad  coal  raflt 

1 

.600 

1.73 

3130.6 

963.1 

120.3 

710.3 

Slagging  bumar  ra£lt 

1 

.800 

1.73 

347A.2 

093.1 

120.3 

71V.S 

Modular  FBC  raflt 

1 

.760 

1.73 

6290.0 

1006.0 

309.6 

603.0 

Stokar  firing  raflt 

1 

.760 

1.07 

3633.3 

1177.1 

300.6 

673.2 

Coal/watar  alurry 

1 

.730 

3.00 

2812.2 

1816.3 

309.6 

607.3 

Coal/oll  alurry 

1 

.780 

3.30 

2336.6 

2037.7 

318.2 

373.0 

2 

,679 

1.97 

6J13.5 

1318.3_ 

366.5 

011.7 

Packaged  ahall  atokar 

2 

.760 

1.07 

3175.3 

1177.1 

309.6 

770.8 

Paekagad  ahall  FBC 

2 

.760 

1.73 

6908.6 

1013.7 

300.6 

702.5 

Flald  araetad  atokar 

1 

.800 

1.07 

6110.7 

1118.3 

307.2 

661.6 

Flald  araetad  FBC 

1 

.800 

1.73 

8930.1 

993.1 

161.1 

603.6 

Pulvaclzad  coal  bollar 

1 

.020 

1.73 

0168.3 

060.2 

168.0 

721.1 

Clrculatlra  FBC _ 1  .$10  1.7} _ 12.7^6 _ 9?l.l , 


AT!l.rCR9g.ERPJEST _ PRIVATE  PROJECT 


TECHNOIOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CTCLE 

COST, 

DISCOUNTED 

AS  SPENT 

VS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ YE _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO 

Natural  gaa  bollar 

34,065 

1.000 

< —  Existing  aystao,  primary  fuel 

#2  011  flrad  bollar 

— 

— 

37,312 

" 

46  011  flrad  bollar 

.. 

.. 

0 

Hlcronixad  coal  raflt 

1 

23,632 

21,061 

1.616 

4.7 

23,206 

1.468 

Slagging  bumar  raflt 

1 

23,632 

23,010 

1.480 

7.3 

26,326 

1.204 

Modular  FBC  raflt 

1 

23,931 

23,440 

1.453 

0.0 

27,169 

1.254 

Stokar  firing  raflt 

Hot  applicable  because  existing  bollar  was  designed  for  pulverized  coal 

Coal/watar  alurry 

1 

25,229 

27,335 

1.246 

9.0 

29,492 

1.155 

Coal/oll  alurry 

Hot  evaluated 

Low  Btu  saalflar  raflt 

2 

25.348 

28.005 

1.216_  _ 

12,4 

31.685 

1.068 

Packaged  ahall  atokar 

2 

22,633 

24,914 

1.367 

8.6 

28,284 

1.204 

Packaged  shall  FBC 

2 

24,697 

25,060 

1.359 

9.6 

29,132 

1.169 

Flald  araetad  stokar 

1 

21,502 

25,709 

1.325 

10.7 

30,380 

1.121 

Flald  araetad  FBC 

1 

23,652 

26,089 

1.306 

11.5 

31,183 

1.092 

Pulverized  coal  bollar 

1 

23,075 

26,562 

1.282 

12.2 

31,922 

1.067 

Clrciilatlnx  FBC 

1 

23.360 

27.422 

1.242 

13.6 

33.450 

1.018 

11:00  AM  Oct  19,  1988 
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A 


AWOtP  AWt  1  X  72  Wtu/hr.  TVO.  KM.  tSCALATIOO  "  tPO 


Total  atana  output  ••  72.0 
Bollor  eapaeity  £*etoc  ••  .720 
Muetbar  ot  unltt  for  taflt  ••  1 
Hydcatad  llaa  prlca<S7ton)  ••  AO. 00 
Ath  dlapoaal  psiea  (S/ton)  •>  10.00 
Elactrle  priea  (eatita/KWh)  »  A. 00 
Labor  rat*  (k97yr)  ••  30.00 
Llaatton*  prlea  (3/ton)  ••  20.00 
nm.  niccs 

Hatucal  gaa  prlea  (3/K9tu)  "  3.07 
«2  OIL  prlea  (S/KSAu)  "  A. 71 
«S  OIL  prlea  (3/KBtu)  »  .00 
omoNs 

Soat  blowar  aultlpllar  ••  .0 
Tub*  bank  »od  nultlpllar  ••  .0 
Bottoa  ash  pit  nultlplltr  ••  1.0 
S02  control  nultlpllar  ••  .0 
LncSTOn/LTNC 

Inart  fraction  "  .00 

BCQNOHIC  FAHAKETERS 
Inflation  fc  dlteountlnt  btia  yaar 
Gan  Infl*  Index  (1087  to  basa  yr) 
Gas  infl*  index  (1068  to  baa*  yr) 
OIL  Infl*  Index  (1086  to  bat*  yr) 
Coal  Infl*  Index  (1086  to  baa*  yr) 
Project  start  year 
Project  Ilf*  (yr) 
Depreciation  Ilf*  (ye) 
General  Inflation  rat*  (Z/yr) 
Type  of  (at  escalation 
Type  of  oil  escalation 
Typa  of  coal  escalation 
Discount  rat*  (Z/yr) 
Rat*  of  return  on  invest  (Z/yr) 
Amount  of  worklns  capital  (month) 
Federal  Income  tax  rate  (Z) 
Local  prop  tax  (&  inaur)  rat*  (Z) 


KStu/hr 


COAL  pnomxict 

R.O.H. 

Ath  fraction  •*  .100 
Sulfur  fraction  .013 
H»V  (Btu/lb)  ••  12000. 
FUEL  PRICES 

R.O.H.  coal  (S/KStu)  »  1.73 
Stoker  coal  (3/KBtu)  ••  1.07 
Co*l/H20  mix  (S/KBtu)  ••  3.00 
Coal/oll  mix  (3/KBtu)  ••  3.30 

Primary  fuel  la  3 
HATURAL  CAS 

1>»46  Oil,  2>«2  Oil,  3-HG 


1088 

l.OAO 

1.000 

1.000 

1.000 

1000 

30 

15 

0 

xero 

zero 

zero 

10 

17 

2 

3A 

2 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

REAL  ESCALATION  RATE  (Z/vr> 

1988 

-1990 

1900 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gas 

ztro 

0 

0 

0 

0 

Oil 

z«ro 

0 

0 

0 

0 

Coal 

zero 

0 

0 

0 

0 

11:06  AH  Oct  IS,  1986 


S&alU£ 

.070 

.013 

13200. 


7ot«l  (KtM  output  ••72,0  K8tu/hr 
8oll«r  c«p«clt]r  C*etor  ••  .720 
Kucabvr  of  untta  foe  r«£lt  ••  I 


Coat  baa*  yaar  *•  1011 
Frlaaty  Xual  >  ttATUXAL  CAS 


#  FUEL/  FUEL  TOTAL 
OF  STEAM  ntlCE  CAFITAL 


MAIKT  OTHER 
0  A  H  OAK 


Natural  gaa  bollar 

•  «a 

.100 

3.97 

• 

#2  011  flrad  bollar 

aaaa 

.600 

1.71 

• 

rUK*}l«4T77JI71in0H 

RI'U 

_ JiSt _ 

_ > 

Kletonliad  coaL  raElt 
Slatilni  bumar  xaElt 
Modular  FBC  taElb 
Stobac  Elrln«  raXlt 
Coal/watar  tlurxy 
Coal/oll  al'jrzy 


Faebagad  ahall  atobar  2 
Facbagad  ahall  FBC  2 
Flald  araetad  stobar  1 
Flald  araebad  FBC  1 
Pulvarlxad  coal  bollar  1 


WKnQiWiin 


Hatural  gai  bollar 
#2  011  Eltad  bollar 


LIFE 

aCLS 

COST, 

DISCOUMTEO  BENEFIT/ 
AS  GFENT  COST 


53 

1. 

26 

DISCOUNTED 

PAYBACK 

PERIOD, 


LIFE 

CYCLE 

COST, 

DISCOUNTED  BENEFIT/ 
AS  SPENT  COST 


—  Exlatlng  ayataa,  prlaaty  Eual 


Hleronltad  coal  raflt 

1 

23,632 

10,607 

1.101 

6.1 

21,763 

1.077 

Slagging  bumar  raflt 

1 

23,632 

21,627 

1.065 

12.6 

21,003 

.912 

Modular  FBC  raflt 

1 

23,931 

22,036 

1.061 

13.2 

23,720 

.912 

Stobar  firing  raflb 
Coal/watar  alurry 
Coal/oll  Blurry 


Facbagad  ahall  atobar 
Facbagad  ahall  FBC 
Flald  araetad  atobar 
Flald  araetad  FBC 
Fulvarlzad  coal  bollar 
Clreulatlna  FBC 


Not  appllcabla  bacauaa  axlatlng  bollar  waa  daalgnad  for  pulvarlaad  coal 


1  23,220 

Hot  avaluatad 


21,603 


76 

25 

91 

>3 

71 

>3 

10 

>3 

30 

>3 

00 

>3 

26,601 


11;C6  AM  Oct  19,  1968 
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UANSCOH  AFB:  AFSC 


1 .  BACKGROUND 

llanscom  AFB  is  Locaccd  near  Boston,  in  Bedford,  Massachusetts* 
There  is  a  central  heating  plant  with  four  boilers,  each  with  a 
capacity  near  50  HBtu/h.  All  boilers  were  designed  for  residual 
(No.  6)  oil  combvistion  and  are  two-drum  sterling  water-tube  boilers* 
The  primary  fuel  is  No.  6  oil,  with  natural  gas  as  the  secondary 
fuel.  The  steam  plant  produces  100  psig  saturated  steam*  The 
yearly  average  fuel  use  is  roughly  85  HBtu/h. 

2.  HEATING  PUNT  UNITS 

Heating  Plant  No.  1201; 

3  K  51*3  HBtu/h,  Erie  Gity  Iron  Works,  1953 
1  X  A9.4  HBtu/h,  E.  Keeler  Co.,  1961 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  for  plant  No.  1201. 


Fuel 

input 

(HBtu/h) 

FY  1986 
ideal 
capacity 
factor 

60 

0.99 

70 

0.94 

80 

0.90 

90 

0.84 

100 

0.80 

120 

0.70 

150 

0.56 

A.  ENERGY  PRICES 

FY  1986  Price  Data; 

Electricity  =  6.8c/kWh 

Natural  gas  =  varied  from  $2*4  to  $3.9/HBtu 
Residual  oil  =  $5.13/HBtu 

C*  H.  Guernsey  and  Co*  Survey; 

Electricity  =  6.07c/kWh 

Natural  gas  =  $6.2/MBtu  (looks  like  an  error) 
Residual  oil  =  $4.67/HBtu 


COAL  PROPERTIES  AND  PRICES 


Stoker 

ROH 

Origin 

Slago,  Pa. 

Slago,  Pa 

HHV,  Bcu/lb 

13,000 

12,800 

Z  Ash 

7-9 

8-10 

Z  Sulfur 

1.8-2. 2 

1.3-2. 2 

Z  Nitrogen 

1.32 

1.30 

Ash-softening  temperature,  'F 

2500 

2300 

Swelling  index 

6-8 

6-8 

Top  sise,  in-. 

1  5/8 

2 

Bottom  si%e,  in. 

1/2 

0 

Fines,  Z 

5 

Grindability  index 

50-55 

50-55 

Cost  at  mine,  $/tOn 

40 

26.50 

Delivered  cost,  $/con 

66.00 

52.50 

Energy  cost,  $/10C  Bcu 

2.54 

2.05 

ENVIRONHENTAL  RECUUTIONS 

6.1  Air  Pollnuion  Emission  Limics  for  New  Sources 
SO,.  0.55  lb/H8cu. 

NOy.  No  emltsion  limics  lor  boilers  <100  HBcu/h;  for  boilers 
>100  HBcu/h:  spreader  stoker  and  FBC  —  0.6  Ib/HBtu;  pulverised 
coal  —  0.7  Ib/HBcu. 

Particulales.  For  boilers  >3  and  <100  MBtu/h:  6.1  Ib/MBCu} 
for  boilers  >100  HBCu/h:  0.05  Ib/HBcu. 

6.2  Coal-Pile  Runoff 

Limit::  Total  suspended  solids  -*  50  mg/L. 

6.3  Ash  Disposal 

Ashes  are  classified  as  rubbish  and  may  be  disposed  of  in  any 
approved  sanitary  landfill. 

OTHER  CONSIDERATIONS 

In  1980,  the  planned  retirement  date  for  these  units  was  1985,  and 
the  condition  of  the  p!/'4nt  was  described  as  poor.  According  to  the 
C.  11.  Guernsey  and  Go.  survey,  che  same  boilers  are  still  in  place, 
but  an  upgrade  of  che  plain  is  in  progress. 

There  are  discrepancies  in  the  fuel  prices  and  which  fuel  is  used 
for  the  boilers.  It  appears  that  gas  is  burned  when  available,  and 
che  cost  is  $2.4-3.9/MBtu.  From  examining  Che  DEIS  data,  Che  gas 


supply  seems  Co  be  incerrupcsblc  and  becomes  unavailable  in  Che 
winter  monChs.  The  price  o£  gas  reported  in  the  C.  Ht  Guernsey  and 
Co.  survey  seems  to  be  an  error. 

COAL-CONVERSION  PROJECT  OUTLOOK 

A  likely  conversion  project  would  involve  conversion  or  replacement 
o£  one  unit.  I£  a  unit  with  a  coal-£iring  ouepue  capacity  o£  SO 
KBcu/h  (roughly  62.5  KBcu/h  fuel  inpuc)  were  installed,  an  overall 
capacity  factor  of  about  88X  would  be  expected  (assuming  a 
equipment  availability). 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  The  strict  SO^  emission  limit  uilt  require  86Z  SO, 
redu-cion  while  burning  2%  sulfur  coal,  which  will  necessitate 
Che  use  of  Limestone  addition  with  microniKCd  coal  or  the  use 
of  deep-cleaned,  coal-watcr-mixture  fuel. 

NOy.  Hicroniacd  coal  or  coal-water-mixture  firing  reportedly 
can  meet  the  NO^^  Lirait  of  Q.7  Ib/HBtu  for  pulverixed  fuel 
firing. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  designed  for 
No.  6  oil.  There  is  space  available  for  installing  coal-water- 
mixture  or  micronized  coal,  but  not  stoker  or  FBC,  combustion 
equipment  at  the  existing  boiler.  There  is  not  enough  space 
available  for  a  new  coal-fired  boiler  at  the  existing  plant, 
nor  is  there  any  site  available  within  a  reasonable  distance  of 
the  heat-distribution  system  for  a  new  plant. 

Coal-Handling  Equipment.  There  is  not  enough  space  available 
for  installing  coal-handling  equipment  at  the  existing  boiler. 
Coal-water  mixture  fuel  could  probably  be  used. 

Coal  Pile.  There  is  not  enough  space  available  for  a  coal  pile 
on  base. 

8.3  Technical  Risk  of  Combustion  Technologies 

Because  of  space  limitations,  the  only  technology  available  for 
conversion  is  coal-water-mixture  fuel,  and  this  would  be 
limited  to  deep-cleaned  fuel  because  of  the  strict  SO,  limits. 
The  technical  risk  is  moderately  high  because  of  the  limited 
experience  with  this  fuel  for  firing  oil-designed  boilers  at 
full  rated  load. 


COGENERATION  PROJECT  OUTLOOK 


There  it  noc  enough  sptce  tvaiUblc  for  loctcing  «  new  coel-fired 
cogeneiAtion  plenc  on  btse  wichin  «  rettontble  ditcence  of  the 
emitting  heec-’distribution  tyttem. 
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10,  IVrUT  Mio  LCC  SWKUY  snEACBxms 


mnrm  *nt  i  x  »  Hibi/to.  ggpgc  nittma  »  kmmal  tium 


Totil  itiMi  output  *  30.0 

)atu/br 

lollir  eipielty  Xietor  .883 

)luabir  o£  Unit*  2or  r*21t  "  1 

tydrilid  llm  prlcitS/ton)  ^  40.00 

GOAL  namtits 

Ath  dtipoiil  prlei  (3/ten}  <•  10.00 

t.Q.M. 

luaksx 

Ilietrlc  price  (emti/kUh)  •>  S.IO 

Ath  Xrectlon  <*  .080 

.080 

Libor  rit*  (k3/yr)  *  33.00 

Sulfur  freellon  **  .020 

.020 

Llaiitoni  price  (3/ton)  "  20.00 

HHV  (Stu/lb)  •  12800. 

13000. 

rao.  mat 

run.  mot 

Ktturil  (It  price  (3/Mitu)  •  3.30 

X.O.M.  coel  (3/H8tu)  •  2.03 

41  011  price  (3/Hltu)  >  .00 

Stoker  coel  (3/Mtu)  ••  2.34 

H  Oil  prlci  (3/KBtu)  >  3.87 

Ceel/R20  six  (S/Mtu)  -  3.00 

orxxott 

Coel/oll  «lx  (S/HItu)  w  3.30 

Soot  blower  aultlpller  *•  .0 

Tub*  benk  mai  Mltlpller  **  1.0 

rclaeiry  fuel  la  1 

lottoti  iih  pit  ■dltlpller  •  1.0 

H  run.  OIL 

302  control  aultlpller  **  1.0 

l-dS  on.  2>d2  Oil,  3«HC 

UMESTOn/LIMC 


Inert  frectlon  .03 

t  BOONCKtC  rAIMCmS 

IntUtlon  Ik  dUcountlnf  bit*  yiic  ••  ISII 
Cin  Inlli  indix  (1817  to  biti  yr)  ••  1.040 
Git  Intli  Index  (1911  to  bit*  yr)  1.000 
Oil  InCli  Index  (1011  to  bit*  yr)  •  1.000 
Coil  Inlli  Indtx  (1888  to  btti  yr)  •*  1.000 
Frojict  itirt  yiir  «  1880 
rrojict  112*  (yr)  -  30 
Oiprielitlon  112i  (yr)  "  13 
Ciniril  Inflitlon  rit*  (X/yr)  •*  0 

Type  o2  (It  iicilitlon  ••  *tii 
Typ*  o2  oil  iieilitlon  ••  loll 
Type  o£  coil  Iieilitlon  ■  icoil 
Dlieount  riti  (X/yr)  **  10 
Xit*  o£  return  on  '~/*it  (X/yr)  **  17 
Aaount  o2  working  cipltil  (Bonth)  ••  2 
Fidiiil  Ineoa*  tix  rit*  (X)  ••  34 
Locil  prop  tix  (fc  Iniur)  r*t*  (X)  ••  2 


REAL  IXtLbJlVt  BAIt  »/yrl 


TYPE  or  FUEL 

ESCALATIOt* 

1888 

-1880 

1880 

-1895 

1983 

-2000 

2000  AMD 

BEYOHD 

Get 

*|ei 

3.88 

8.87 

3.77 

5.77 

Oil 

loll 

4.86 

7.87 

4.16 

4.16 

Coel 

ecoil 

1.16 

2.31 

1.18 

1.18 

4:13  IM 


Oct  IS,  1888 


m 


llAygCCM  Afti  1  X  50  WtM/hr.  tCOHWIC  HCHIHAI,  VALtflg 

Total  ataan  ootpot  ••  13.0  K9iu/ht  Coat  ba*o  ya«r  **  1611 

Botlar  capacity  Taetoc  «•  .113  rrlMty  £ual  #0  TVtL  OIL 

Kuafaac  o£  Wilts  for  caflt  1 


■ftl’tV.^L.KSK. 


* 

F«t/ 

rwa 

TOTAL 

maiht 

OTHCX 

or 

STtA.M 

Mice 

CAPITAL 

r^a. 

0AM 

0  A  H 

X5 

_  kS  . 

xs 

Natural  gas  bollac 

.130 

3.30 

.0 

1802.0 

163.4 

484.8 

H  Oil  flrad  bollar 

— 

.880 

.00 

.0 

.0 

.0 

.0 

3.67 

_  .  .0 

494.8 

Hlcconlsad  coal  raflt 

1 

.ISO 

2.03 

2887.4 

831.1 

388.2 

814.8 

Slagging  bumar  raflt 

1 

.800 

2.03 

4773.8 

881.1 

368.2 

814.8 

Modular  FK  raflt 

1 

.760 

2.03 

3420.1 

1C03.6 

330.4 

771.3 

StoXar  firing  raflt 

1 

.740 

2.31 

4411.7 

1327.3 

341.0 

764.4 

Coal/watar  slurry 

1 

.730 

3.00 

2828.1 

1347.0 

330.4 

708.8 

Coal/oll  slurry 

1 

.780 

3.30 

2373.3 

1735.4 

278.0 

602.8 

JL_ 

i«fP 

2.34  _ 

KiflX-9 

rnwi 

1067.6 

FacXagad  shall  stoXar 

1 

.740 

2.34 

4811.2 

1327.3 

341.8 

784,4 

FacXagad  shall  FK 

1 

.780 

2.03 

4837.0 

1043.2 

330.4 

776.3 

Flald  aractad  stoXar 

1 

.780 

2.34 

7877.2 

1238.4 

338.6 

748.3 

Flald  aractad  FK 

1 

.180 

2.03 

7228.0 

881.1 

407.0 

768.7 

Fulvarlsad  coal  bollar 

1 

.800 

2.03 

8842.1 

081.1 

602.7 

801.6 

JL. 

-Jig.- 

-JgiJL 

TIC>»H01Q0Y _ 

Katural  gai  bollac 
tl  Oil  flrad  bollar 
#0  011  flr#a  botlar 
Hlcconlsad  coal  caflt 
Slaiilnt  bumac  raflt 
Modular  F2C  caflt 
StoXar  firing  raflt 
Coal/watar  slurry 
Coal/oll  slurry 
Low  Btu  caalflar  raflt 
PaeXagad  shall  stoXar 
FacXagad  shall  FBC 
Flald  aractad  stoXar 
Flald  aractad  FAC 
Pulvarlzad  coal  bollac 
Clrculatlna  FBC 


AM  FtgcE  ffwtcT _ mmi.mjm 


Lire 

LIFE 

CYCLE 

CYCU 

COST. 

OISCOUHTEO 

COST, 

COAL 

OZSCOUHTEO 

BENEFIT/ 

FAYBACK 

DISCOUNTED 

BENEFIT/ 

#  OF 

use. 

AS  SFIHT 

COST 

FEXIOO, 

AS  SFENT 

COST 

lljUlrJl 

H3!rR«i 

X3 

■TuiTH 

vr 

kS 

— 

— 

33,046 

— 

•  • 

HHI 

— 1JS2— 

Hot  appllcabla  baeausa  of  spaca  llslta^iona 
Hot  appllcabla  baeausa  of  spaca  llaltatlona 
Hot  appllcabla  baeausa  of  spaca  lloltstlons 


Hot  appllcabla  baeausa  axlstlng  bollac  was  daslgnad  for  #6  oil 
1  20, U3  23,337  1.267  10.1  27,666  1.168 

Hot  avsluatad 

Hot  arollcabla  baeausa  of  spaea  Hnltatlons 
Hot  appllcabla  baeausa  of  spaea  llisltatlons 
Hot  appllcabla  baeausa  of  spaea  llsltations 
Hot  appllcabla  baeausa  of  spaea  lloltatlons 
Hob  applleabla  baeausa  of  spaea  lloltatlons 
Hot  applleabla  baeausa  of  spaea  lloltatlons 
Not  applicable  baeausa  of  spaea  llnltstlons 


* 


t:13  FM  Oet  19,  1088 
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BAXSCCM  ati  1  X  so  HBtu/hr.  mL  REAL  ESCAUTtOK  "  NtO  1X7 

Total  ataam  output  »  SO.O 

HStu/hc 

Eoilac  capacity  faetoc  "  .883 

Vueiiac  of  unlta  foe  caflt  «  1 
Rydratad  Ilea  pclca(3/ton)  *•  10.00 

COAL  nomTiES 

Aih  dlapoaal  pelea  (S/ton)  "  10.00 

RJLtL 

Sisku 

a 

Elaetcie  pcica  (canta/kWh)  »  6.10 

Aah  fcaetlon  ••  .060 

.060 

Laboc  cata  (kS/yc)  ••  33.00 

Sulfuc  fcaetlon  «  .020 

.020 

Llsaatona  pcica  ($/ton}  *■  20.00 

HUV  (Btu/lb)  »  12600. 

13000. 

FUEL  nUCES 

im  mets 

► 

Kalucal  gaa  pcica  (3/K3tu)  ••  3.30 

R.Q.H.  coal  (S/KOtu)  »  2.03 

n  oil  pcica  (S/KSlu)  »  .00 

Stoker  coal  (3/K8tu)  2.31 

it  Oil  pcica  (S/KSiu)  3.67 

Coal/H20  nix  (S/K3tu)  -  3.00 

onions 

Coal/oll  nix  (3/K8tu)  -  3.30 

Soot  blewac  aailtipliac  «  .0 
Tuba  bank  eod  nultlpllac  *•  1.0 

Pclnacy  fuel  la  1 

Bottoa  aah  pit  nultlpllac  ••  1.0 

«6  FUEL  OIL 

S02  contcoL  nultlpllac  •*  1,0 

W6  Oil,  2-#2  Oil,  3-HC 

LTMESTOME/LIMC 

Inact  fcaetlon  ■*  03 

ZOOMCKIC  PAXAMETEIIS 

» 

Inflation  A  dlaeountlnt  baaa  yaac 

«  1086 

Can  Infla  Indax  (1667  to  baaa  yc) 

«  l.OlO 

Gaa  Infla  Index  (1668  to  baaa  yc) 

»  l.OOO 

OIL  Infla  Index  (1686  to  baaa  yc) 

«  1.000 

a 

Coal  Infla  Index  (1688  to  baaa  yc) 

-  1.000 

ProJ«et  (tact  yaar  1690 
Pcojaeb  lift  (yt)  ••  30 
Dapraciatlon  lift  (yc)  •*  IS 
Ctnttal  inflation  rata  (Z/yt)  *•  0 

Typa  of  (aa  aaealation  ••  a(aa 
Typa  of  oil  aaealation  **  toil 
Typa  of  coal  aaealation  ••  acoal 
Dlacount  cata  (Z/yc)  "  10 
Rata  of  raturn  on  Invaat  (Z/yc)  «  17 
Anount  of  Hockins  capital  (etonUt)  ••  2 
Fadaral  Incooa  tax  cata  (Z)  ••  31 
Local  pcop  tax  (&  Inauc)  cata  (Z)  ••  2 


REAL  ESCALATIOH  RATE  (Z/vc) 


FUEL 

TYPE  OF  FUEL 

ESCALATIOH 

1088 

-1690 

1690 

-1995 

1695 

-2000 

2000  AND 

BEYOND 

Gaa 

•Sas 

2.28 

1.70 

3.19 

2.75 

Oil 

aoll 

.17 

1.16 

5.SS 

2.77 

Coal 

acoal 

1.16 

1.76 

1.61 

.81 

1:2B  FH 


Oct  16,  1988 
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Total  ataam  output  ■*  SO.O  HBtu/hc 
Eollac  capacity  factor  ••  .683 
Hua^ac  of  unlta  for  raflt  *•  1 


Coat  baaa  yaar  ••  1666 
Prlaary  fual  >  H  TVZl  OIL 


nWLiWjji 


#  FUEL/  FUEL  TOTAL 
or  STEAM  PRICE  CAPITAL 


.600  3.30 

.600  .00 


Katural  (aa  botlar 
K  OIL  flcad  bollar 


I  i*X*i  t  Vf  I  CTi 


Kicconlxad  coal  raflt 
Sli||tn(  bumar  raflt 
Modular  F8C  raflt 
Stokar  flrlnt  raflt 
Coal/watar  alurxy 
Coal/oll  alurry 


Packatad  ahall  atokar 
Packatad  ahall  FSC 
Flald  araetad  atokar 
Flald  araetad  FBC 
Fulvarlxad  coal  bollar 


.7*0  2.S* 
.760  2.03 
.760  2.3* 
.800  2.03 
.600  2.03 


COST, 

DISCOUKTEO  BENEFIT/ 
AS  SPENT  COST 


DISCOUNTED 

PATBAOC 

PERIOD, 


LIFE 

CYCLE 

COST, 

DISCOUNTED  BENEFIT/ 
AS  SPENT  COST 


Natural  gaa  bollar 
tZ  Oil  flrad  bollar 

C-gU^iaj.bgU»E _ 

Mlcronlzad  coal  raflt 
Slagging  bumar  raflt 
Modular  FBC  raflt 
Stokar  firing  raflt 
Coal/watar  alurry 
Coal/oll  alurry 
Low  Btu  aaalflar  raflt 
Packagad  ahall  atokar 
Fackagad  ahall  FBC 
Flald  araetad  atokar 
Flald  araetad  FBC 
Fulvarlxad  coal  bollar 
Clreulatlnx  FBC _ 


applleablo 

appllcabla 

appllcabla 

appllcabla 

20,1*3 

avaluatad 

appllcabla 

appllcabla 

appllcabla 

appllcabla 

appllcabla 

appllcabla 


26, *6* 


•  waiiiaMJiT  11.1  ■  I  I  T  I  I  I  I  ■»  B  i '  '  I  M 

bacauaa  of  apaca  llaltatlona 
baeauaa  of  apace  llaltatlona 
bacauaa  of  apaca  llaltatlona 
bacauaa  axlatlng  bollar  waa  daaignrd  for  46  oil 
23,2'.,.  1.033  23.6  27, *33 


baeauaa 

bacauaa 

bacauaa 

bacauaa 

baeauaa 

baeauaa 


of  apaca 
of  apaca 
of  apaco 
of  apaca 
of  apaca 
of  apaca 
of  space 


limitations 

llaltatlona 

llaltatlona 

limitations 

limitations 

limitations 

limitations 


*:28  PH  Oct  19,  1988 
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BAMCOH  Ani  IX  M  wu/hr.  Tva  KAL  tacAunm  «  zap 


Total  attM  output  >*  30.0 
Bolltr  capacity  factor  •  ,083 
Runbac  of  unite  foe  caflt  "  X 
Hydeatad  llaa  pclca(3/ton)  *•  10.00 
Ash  dlipoial  prlca  (3/ton)  *•  10.00 
Elactclc  prlca  (canta/kUh)  ••  8,10 
Labor  rata  (kS/yr)  *•  33.09 
LlMitcna  prlca  (3/ton)  *■  20.00 

rue.  rtias 

Katural  |aa  prlca  (3/KBtu)  ••  3.30 
#2  Oil  pri««  (S/H=tu)  -  .00 
#6  011  prlca  (3/KBtu)  >  3.67 

orrion 

Soot  blowar  aailtlpllar  ••  .0 
Tuba  bank  Mod  MulClpllar  •*  1,0 
Bottoa  ath  pit  Bultlpllar  1,0 
S02  control  aMltlpllar  ••  1,0 
LDCSTOn/LXTS 

Inart  fraction  ••  ,03 


KBtu/hr 


COAL  isoraiTm 


E.9.H. 

Stokar 

Ash  fraction  ••  .080 

.080 

Sulfur  fraction  ••  .020 

.020 

H8V  (Btu/lb,  >  12800. 

13000. 

ruBL  mess 

R.O.H.  coal  (3/HBtu)  •  2.03 

Stokar  coal  (S/KBtu)  ••  2.5a 

Coal/H20  Mix  (d/.^tu)  ••  3.00 

Coal/oll  six  (3/KBtu)  •>  3.30 

frlMary  fual  is  1 
#8  FUEL  OIL 

W6  Oil,  2-#2  Oil,  O-NO 


KXDOUC  rARAHETERS 

Inflation  A  discounting  bass  yaar  ••  1053 
Oan  Infla  Indax  (1817  to  baia  yr)  •  1.010 

Gas  Infla  Indax  (1888  to  basa  yr)  ••  1.000 

Oil  Infla  indax  (1888  to  basa  yr)  ••  1.000 

Coal  Infla  indax  (1886  to  basa  yr)  ••  1,000 

Frojact  start  yaar  »  1880 
Frojact  Ufa  (yr)  “  30 
Dapraclatlon  Ufa  (yr)  ••  13 
Canaral  Inflation  rata  (Z/yr)  ■*  0 

Type  of  gas  ascalation  ■■  xaro 
Typa  of  oil  ascalation  ••  xaro 
Typa  of  coal  ascalation  ••  xaro 
Discount  rata  (Z/yr)  •*  10 
Rata  of  ratum  on  invast  (Z/yr)  "  17 
Anount  of  working  capital  (oonth)  •*  2 
Fadaral  Ineoaa  tax  rata  (Z)  3A 
Local  prop  tax  (&  Insur)  rata  (Z)  ••  2 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

aSaL 

&.^A4rAI  AVI* 

RATE  (Z/yr) 

1888 

-1990 

1990 

-1995 

1993  2900  AND 

■2000  BEYOND 

Gts 

z«ro 

0 

0 

0  0 

oil 

ztro 

0 

0 

0  0 

Coal 

z*ro 

0 

0 

0  0 

t:31  m 
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nAK5!CCM  ATH;  1  X  50  HBtu/hr.  Wn.  BKAt  ESCAI>TI0W  »»  ZmO 
Total  itaaa  output  ••  SO.O  KStu/ltr  Coat  btit  yaar  ••  IfiSS 

BoUtc  capacity  Taetoc  *•  .883  Fclmaty  fual  ••  #S  FVEl  OIL 

Husbar  oC  units  Tor  taflt  ••  1 


* 

FUEL/ 

FUEL 

IWAL 

MAI  NT 

(TTHER 

OF 

STEA.M 

PRICS 

capital 

FUEL 

0  kH 

0  &  H 

TECHNOLOGY  UNITS 

EFF_ 

S/KBlu 

k$ 

kS 

kS 

kO 

Natural  gsa  boiler 

— 

.800 

3.30 

.0 

1602. 0 

163.4 

401.0 

#2  011  fired  boiler 

” 

.800 

.00 

.0 

.0 

.0 

.0 

#5  Oil  firad  boiler 

.. 

.^800 

3.67 

.0 

1774.2 

165.4 

404.0 

Hleronlzad  coal  refit 

1 

.800 

2.03 

2087.4 

fifil.l 

366.2 

814,6 

Slagging  burner  refit 

1 

.800 

2.03 

4773.fi 

fifil.l 

368.2 

814.6 

Modular  FBC  refit 

1 

.700 

2.03 

3420.1 

1003. S 

330.4 

771.3 

Stoker  firing  refit 

1 

.740 

2.54 

4418.7 

1327.3 

341.0 

784.4 

Coal/water  slurry 

1 

.730 

3.00 

2628.1 

1347.0 

330.4 

700.0 

Coal/oll  slurry 

1 

.780 

3.30 

2373.3 

1733.4 

270.0 

602.6 

Low  Btu  zesifiar  refit 

] 

.650 

2.54 

4P97.5_ 

1401.6 

_?73.2  _ 

1067.6 

Packaged  shell  stoker 

1 

,740 

2.34 

4031.2 

l'J27.3 

341.0 

764.4 

Packaged  shell  FBC 

1 

.760 

2.03 

4837.0 

1043.2 

330.4 

776.3 

Field  erected  stoker 

1 

.780 

2.34 

7877.2 

1230,4 

330.8 

740.3 

Field  erected  FBC 

1 

.800 

2.03 

7228.0 

001,1 

407.0 

760.7 

Pulverized  coal  boiler 

1 

.800 

2.03 

8042.1 

091.1 

602.7 

801.6 

_224JL_ 

348.3 

TECHNOLOGY _ 

Katucal  gas  hollar 
*2  011  firad  hollar 
as  oil  flrad  holler 
Hleronlzad  coal  rallt 
Slagging  burner  raClt 
Modular  FBC  relit 
Stoker  firing  refit 
Coal/water  slurry 
Coal/oll  slurry 


COAL 

«  OF  USE, 
UNITS  ton/vr 


AIR  FORCE  roojECT _ rBrnTg-ERWCgT 


LIFE 

LIFE 

CYCLE 

CYCLE 

COST, 

DISCOUNTED 

COST, 

DISCOUNTED 

BENEFIT/ 

PAYBACK 

DISCOUNTED 

BENEFIT/ 

AS  SPENT 

COST 

PERIOD, 

AS  SPENT 

COST 

_ !l2 _ 

_ TE _ 

kS 

18.317 


0 

19.158  1.000  <—  Exlstlns  svstara.  prlrnarv  fuel 


Not  opplicabla  because  of  space  lloltetlons 


Not  applicable  because  of  space  limitations 


Not  applicable  because  of  space  limitations 

Nob  applicable  because  eslsblng  bolle.';  was  designed  for  oil 

1  20,ie3  23,137  .828  >31  23,217  ,760 


Not  evaluated 


Low  Btu  Kssifter  refit 
Packaged  shell  stoker 
Packaged  shell  FBC 
Field  erected  stoker 
Field  erected  FBC 
Pulverized  coal  boiler 
Clrculatlne  FBC _ 


Not  applicable  because  of  space  limitations 
Nob  applicable  because  of  space  limitations 
Nob  applicable  because  of  space  limitations 
Hob  applicable  because  of  space  limitations 
Hot  applicable  because  of  space  limitations 
Not  applicable  because  of  space  limitations 
Hob  applicable  because  of  space  limitations 


4:31  PM  Oct  19,  1988 


ANDREWS  AEB:  HAG 


BACKGROUND 

Andrews  AFB  is  Located  near  Washington,  D.C.  There  arc  three  steam 
plants  on  the  base,  all  o£  which  were  upgraded  in  some  manner  in 
1985.  The  specifics  of  this  upgrade  effort  arc  not  known  and 
probably  should  be  investigated.  Two  of  these  plants  may  be  large 
enough  to  get  some  consideration  for  coal  conversion.  Each  steam 
plant  consists  of  water-tube  boilers  producing  saturated  steam  at 
100  psig. 

All  boilers,  with  the  exception  of  three  built  after  1964  (see  the 
lists  that  follow),  are  designed  for  bituminous  coal.  Residual  oil 
(Mo.  6)  is  the  primary  fuel  for  all  the  boilers,  and  there  is 
apparently  no  secondary  fuel.  Some  coal  storage  silos  and  receiving 
hoppers  are  still  on  site. 

Data  are  inconsistent  with  regard  to  annual  fuel  use.  Data  for 
plant  No.  1515  average  fuel  consumption  range  from  22  to  49  HBtu/h, 
with  the  larger  value  reported  by  C.  II.  Guernsey  and  Co.  The  data 
for  plant  No.  1732  range  from  15  to  40  HBtu/h,  with  the  smaller 
value  reported  by  C.  11.  Guernsey  and  Co.  It  is  assumed  that  plant 
No.  1515  and  plant  No.  1732  are  interconnected. 

HEATING  PLANT  UNITS 

Heating  Plant  No.  1515: 

2  X  59.8  MBtu/h,  Bigelow,  1958 

2  X  29.9  and  15.9  HBtu/h,  Union  Iron  Works,  1946 

Heating  Plant  No.  1732: 

3  X  33.5  MBtu/h;  Keeler  Co.;  2-1961,  1-1965 
Heating  Plant  No.  3409: 

2  X  16  HBtu/h,  Keeler  Co.,  1971 

3  X  15  HBtu/h,  Keeler  Co.,  1960 

IDEAL  CAPACITY  FACTOR  ANALYSIS 

Maximum  possible  load  factors  as  a  function  of  project  size  are 
given  below.  Load  information  was  calculated  assuming  two  boiler 
plants  (No.  1515  and  No.  1732)  are  interconnected. 


lU 


4. 


PL«nc  Nos.  1515  and  1732 
inCerconnected 


Fuel 

input 

(MBtu/h) 

CY  1985 
ideal 
capacity 
factor 

FY  1986 
ideal 
capacity 
factor 

30 

0.92 

0.73 

50 

0.76 

0.57 

70 

0.67 

0.49 

90 

0.60 

0.43 

120 

0.51 

0.39 

ENERGY  PRICES 

FY  1986  Price 

Data 

Average 

Year  end 

Electricity 

5.4«/kWh 

Residual  oil 

$3.8/MBtu 

$2.6/HBtu  ? 

Distillate  oil 

$5.9/HBtu 

$3.3/HBcu  ? 

C.  il.  Guernsey  and  Co. 

Survey: 

Electricity  »  5.0c/kWh 
Residual  oil  »  $4.67/HBtu 
Distillate  oil  =  $5.56/HBtu 

5.  COAL  PROPERTIES  AND  PRICES 


Stoker 


ROM 


4 


< 


Origin 

Clearfield  Co.,  Pa. 

Clearfield  Co 

HHV,  Btu/lb 

13,000 

12,800 

X  Ash 

10 

13 

Z  Su  ur 

2 

2 

Z  Nit  ugen 

1.5 

1.5 

Ash-softening 

2450 

2450 

temperature,  “F 

Swelling  index 

8—9 

8-9 

Top  sixe,  in. 

1  1/4 

2 

Bottom  size,  in. 

3/8 

0 

Fines,  Z 

15 

Grindability  index 

90+ 

90+ 

Cost  at  mine,  $/ton 

40 

30 

Delivered  cost,  $/ton 

57 

47 

Energy  cost,  $/10*'  Btu 

2.19 

1.84 

1A7 


6.  ENVIRONHENTAL  REGULATIONS 

No  solid-£uel-burning  plane  smaller  chan  35  HBcu/h  is  allowed. 

6.1  Air  Pollution  Emission  Limici  For  New  Sources 

SO,.  No  cmiiision  limits  For  boilers  <100  HBcu/h;  For  boilers 
>100  HBCu/h:  FBC  —  90%  reduction  to  meet  limit  oF  1.2  lb/ 
HBcu;  emerging  technology  -  SOX  reduction  Co  meet  limit  o£ 
0.6  Ib/HBcu. 

NO^.  No  emission  limits  For  boilers  <100  HBtu/h;  For  boilers 
>100  HBcu/h:  spreader  stoker  and  FBC  -  0.6  Ib/HBcu;  pulveriaed 
coal  -  0.7  Ib/HBcu. 

Particulates.  For  boilers  >100  HBtu/h:  0.05  Ib/HBtu;  For 
60  HBtu/h  -  0.25  Ib/HBtu. 

6.2  Coal-Pile  RunoFF 

Limit:  Total  suspended  solids  —  50  mg/L. 

6.3  Ash  Disposal 

Ashes  ace  classiFied  as  nonhazardous  industrial  solid  waste  and 
may  be  disposed  oF  in  any  approved  sanitary  landFill. 

7.  OTHER  CONSIDERATIONS 

Andrews  apparently  uses  a  lot  oF  electricity:  100|235  HUh  in 
FY  1986,  an  average  oF  about  11. A  HW.  Residual  oil  use  in  FY  1986 
was  -568,000  HBcu,  an  average  oF  about  65  HBtu/h.  The  highest 
monthly  steam  load  is  about  150  HBtu/h. 

A  previous  study  was  done  (Roy  Weston  Study)  to  examine  connecting 
Che  three  boiler  plants  and  building  a  single  cot:l  plant  For  $75M. 
Andrews  has  also  been  the  subject  oF  a  coal-oil-mixture  study. 

This  base  is  within  range  oF  anthracite  sources. 

8.  COAL-CONVERSION  PROJECT  OUTLOOK 

Because  load  Factors  are  low,  only  conversion  oF  one  60-HBtu/h  out¬ 
put  (~75-HBtu/h  Fuel  input)  boiler  would  be  practical.  The  overall 
load  Factor  For  this  size  oF  project  is  expected  to  be  about  50%, 
assuming  a  90%  equipment  availability,  and  Che  two  plants  are  inter¬ 
connected. 


8.1  Effect  o£  Environmcntnl  RcRuIacion«  on  Selection  of  Combmti.on 
Technologies 

SO,  and  HO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for  SOj 
or  NO^  reduction  because  the  proposed  conversion  project  is 
smaller  than  100  HBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally  de¬ 
signed  for  coal.  There  is  space  available  for  reinstalling 
coal-combustion  equipment  at  the  existing  boiler  or  for  con¬ 
struction  of  a  new  boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  The  coal-storage  silo  and  the  outside 
receiving  hopper  and  silo  are  still  in  place  at  plant  1515. 
There  is  space  available  for  installing  the  ocher  coal-handling 
equipment. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  near  the 
existing  boiler  plant  1515  or  at  a  new  sice  on  base. 

8.3  Technical  Risk  of  Combustion  Technologies 

The  least  technical  risk  would  be  for  refit  of  stoker  firing  to 
one  of  the  existing  coal-designed  boilers  or  installation  of  a 
new  stoker-fired  boiler.  The  ocher  technologies  would  have 
greater  technical  risks  because  of  lack  of  operating  experi¬ 
ence!  And  all  of  them  would  be  of  the  same  order  because  the 
existing  boilers  are  designed  for  coal-firing. 

COGENERATION  PROJECT  OUTLOOK 

The  prospects  for  a  coal-fired  cogeneration  system  appear  Co  be 
somewhat  marginal.  Andrews  has  a  high  minimum  monthly  average  elec¬ 
tric  load,  7.8  MWe,  but  the  price  of  electricity  is  only  moderately 
high  (5c/kHh).  Another  negative  factor  is  Che  relatively  low  aver¬ 
age  heat  load  compared  Co  the  electric  load,  so  that  it  is  difficult 
to  achieve  a  high  overall  load  factor  for  a  cogeneration  plant. 
Based  on  Che  FY  1986  energy-use  data,  a  cogeneration  plant  with  a 
boiler  rating  of  68  HBcu/h  output  and  a  5-HWe  turbine-generator 
would  have  an  electrical  power  capacity  factor  of  90Z  and  a  peak 
thermal  output  of  50  HBtu/h,  with  a  thermal  energy  capacity  factor 
of  about  50%  if  used  ae  a  baseload  heating  plant.  To  achieve  as 
high  an  efficiency  as  practical,  a  1450-psia,  950'’F  water-tube 
boiler  should  be  employed  for  such  a  cogeneration  plant. 

The  information  provided  by  the  base  energy-use  questionnaire  indi¬ 
cated  that  natural  gas  is  not  available  at  the  base. 
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10.  INPtiT  AKO  LCC  SlWtARV  SPREADSHJETS 


AKPnrHS  Ara;  _1  x  eo  MBtu/hr.  econowc  fNuimts  -  locmL  valcts 


Total  itaaa  output  «  60.0 
Bollar  capacity  factor  *  .30A 
Hucsbar  of  unlta  for  raflt  1 
llydralad  llaa  prlca(d/ton)  »  tO.OO 
Aah  dlapoaal  prlca  (S/ton)  10.00 
Elactrie  prlca  (canta/kWh)  3.00 
Labor  rata  (kS/yr)  «  33.00 
Llmaatona  prlca  (3/ton)  "  20.00 

nnx  mas 

Natural  gat  prlca  (S/KStu)  «  .00 
#2  011  prlca  (S/KBtu)  »  .00 
16  011  prlca  (3/ratu)  »  3.67 
onions 

Soot  blowar  pultipllar  ••  .0 
Tuba  bank  taod  laultlpllar  "  .0 
Bottoa  aab  pit  aultlpllar  ••  1.0 
SOT  control  cNltlpliar  "  .0 
LIHESTONE/LIHC 

Inart  fraction  “  .03 


K8tu/hr 


COAL  nonotriEs 

K.O.H. 

Aah  fraction  »  .130 
Sulfur  fraction  »  .020 
BHV  <8tu/lb)  -  12800. 

rm.  mas 

Jt.O.H.  coal  (S/KBtu)  -  1.6A 
Stokar  coal  (S/KBtu)  -  2.10 
Coal/HZO  mix  (3/)fltu)  ••  3.00 
Coal/oll  nix  (S/KBtu)  <•  3.30 

Prlatary  fual  Ic  1 
#6  FUa  OIL 

W6  Oil,  Z-iZ  Oil,  3»t;c 


ECOnOKIC  FAXAHCTaiS 

Inflation  &  dlaeountlng  baaa  yaar  ••  1086 
Can  Inf  la  Indax  (1067  to  baaa  yr)  ■*  1.010 

Caa  Infla  Indax  (1086  to  baaa  yr)  **  1.000 

Oil  infla  Indax  (1088  to  baaa  yr)  »  1.000 

Coal  infla  Indax  (1088  to  baaa  yr)  ■■  1.000 

Projact  start  yaar  ••  1000 
Projaet  Ufa  (yr)  *•  30 
Dapraclatlon  Ufa  (yr)  ••  13 
Ganaral  Inflation  rata  (Z/yr)  ”  0 

Typa  of  gaa  aaealation  ••  agaa 
Typa  of  oil  escalation  ••  aoll 
Typa  of  coal  aaealation  «  aeoal 
Discount  rata  (Z/yr)  •*  10 
Rata  of  ralutn  on  Invest  (Z/yr)  »  17 
Amount  of  working  capital  (caonth)  ■■  2 
Fadaral  incoaa  tax  rata  (Z)  "  3A 
Local  prop  tax  (ft  insur)  rata  (Z)  ••  2 


REAL  ESCAUTION  RATE  (Z/vr) 


FUEL 

TTPE  OF  FUa 

ESCALATIOR 

1088 

-1090 

1090 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gas 

agas 

3.89 

8.87 

3.77 

3.77 

Oil 

aoll 

A. 86 

7.87 

A. 16 

A. 16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.10 

9:A2  AK 


.100 

.020 

13000. 
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AKORPg  AK;  _1  X  M  Wtv/br..  K01»CMCJrAl.WET1M 
Total  Btaar<  omput  >•60.0  KBtu/hc  Coat  bat#  yaar  ■*  1988 

Bollat  capacity  laetoc  «  .301  Fclmacy  lual  «  #6  FUEL  OIL 

Hoinbac  o£  unit!  foe  saflt  ''  1  ' 


I 


4 

FUEL/ 

FUEL 

TOTAL 

HAIHT 

OTHER 

OF 

STEAM 

I'WCE 

CAPITAL 

FUEL 

0  &  H 

0  fc  H 

TECTmOLQgY _ QUITS 

EFF 

S/K8to 

.  kS 

kS 

kS 

kS 

Hatural  (aa  bollac 

— 

.800 

.00 

.0 

.0 

.0 

.0 

#2  011  ficad  bollac 

— 

.800 

.00 

.0 

.0 

.0 

.0 

3.67 

.0 

infn 

■TTWSI 

BTRl 

Hlcronlcad  coal  raflt 

1 

.800 

1.81 

2882, 

609.3 

393.3 

663.7 

Slafiiinc  bumac  eaflt 

1 

.800 

1.81 

1962.0 

609.3 

393.3 

663.7 

Hodular  FBC  raflt 

1 

.780 

1.81 

3723.1 

617.0 

371.2 

618.3 

Stokar  flclnt  raflt 

1 

.760 

2.19 

3377.7 

763.3 

371.2 

636.8 

Coal/watac  alucry 

1 

.730 

3.00 

2603.3 

1038.8 

371.2 

366.3 

Coal/oll  alurry 

1 

.780 

3.30 

2308.9 

1188.7 

288.0 

336.8 

JS— 

.679 

illlB 

5801.3  . 

inm 

Fackafad  ahall  atokac 

2 

.760 

2.19 

3060.9 

763.3 

371.2 

729.3 

Fackafad  ahall  FBC 

2 

.760 

1.81 

6230.7 

611.3 

371.2 

711.7 

Flald  aractad  atokac 

1 

.600 

2.19 

7261.2 

723.2 

371.9 

628.3 

Flald  aractad  FBC 

1 

.800 

1.81 

7968.0 

609.3 

131.6 

618.3 

Fulvarlaad  coal  bollac 

1 

.820 

1.61 

8138.3 

391.1 

439.1 

678.0 

J— 

-.■919-. 

371.9 

_7£2ii- 

AIK  FQBCS  PROJECT _ fMVATE.nWSgT. 


TECHNOUXJY 

4  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FATB.tC)C 

PERIOD, 

vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

Natural  (aa  bollac 

— 

— 

0 

41  011  flrad  hollar 

— 

— 

0 

— 

•  a. 

.... 

_  23.980  _ 

..  1.000  .  . 

< —  Exiitlni  avitag.  primary  futl 

Hlcronlaad  coal  raflt 

1 

12,933 

16,762 

1.431 

7.5 

18,640 

1.287 

Slai|in(  bumac  eaflt 

1 

12,933 

16,407 

1.206 

11.7 

21,445 

1.118 

Hodular  FBC  raflt 

1 

13,098 

16,805 

1.260 

12.8 

22,216 

1.070 

Stokar  firing  raflt 

1 

13,406 

18,230 

1.315 

0.8 

20,390 

1.176 

Coal/vatac  alurry 

1 

13,707 

19,800 

1.211 

12.0 

21,637 

1.108 

Coal/oll  alurry 

Hot  avaluatad 

2 

■TXuH 

23.6 

26.077 

Fackagad  ahall  atokac 

2 

13,405 

20,342 

1.179 

13.5 

23,381 

1.026 

Fackagad  ahall  FBC 

2 

13,613 

20,282 

1.162 

16.1 

23,896 

1.003 

Flald  aractad  atokac 

1 

12,736 

20,998 

1.142 

16.4 

25,126 

.054 

Flald  aractad  FBC 

1 

12,033 

21,231 

1.130 

19.4 

23,719 

.032 

Fulvarlaad  coal  bollac 

1 

12,610 

21,753 

1.102 

21.2 

26,486 

.905 

Clreulatina  FBC 

1 

12.775 

22.324 

1.074 

?3.« _ 

27.606 

.669 

i 


» 
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AwnRrws  A>nt  i  x  6o  HBtii/i>r.  rtrn> 
Total  alaaa  output  «  SO.O 
Bollte  capacity  factor  »  .ini. 
Husbar  of  unlta  for  cafit  ••  1 
Hydratad  lltaa  pclca(S/ton)  ••  tO.OO 
Aah  dlapoial  prica  (S/ton)  ••  10.00 
Blaetcle  pcica  (oanta/kKh)  «  S.OO 
Labor  rata  (kS/yr)  ••  33.00 
Linaatona  prica  (S/ton)  ••  20.00 

FUEL  nuczs 

Katural  sat  prica  (3/K3tu)  ••  .00 
tZ  Oil  prica  (S/KBtu)  »  .00 
«5  Oil  prica  (S/KStu)  ••  3.07 
OPTIOMS 

Soot  blovar  isultipUar  «•  .0 
Tuba  bank  mod  taultipliar  *•  .0 
Sottoo  aah  pit  laultipllar  »  1.0 
S02  control  nultipllar  ••  .0 
LIKESTONE/LIME 

Inart  fraction  *■  .03 


PEAL  FjRrAUTIOM  »«  AEO  1007 
KBtu/hc 


COAL  ntOFEKTIES 

R.Q.H. 

Aah  fraction  ••  .130 
Sulfur  fraction  *■  .020 
HHV  (Btu/)b)  «  12SOO. 
FUEL  mCES 

R.O.H.  coal  (S/KStu)  -  1.04 
Stokar  coal  (S/KStu)  ••  2.10 
Coal/H20  mix  (S/KStu)  ••  3.00 
Coal/oil  nix  (S/KBtu)  ••  3.30 

Friaary  fual  ia  1 
40  FUa  OIL 

WO  Oil,  2-42  Oil,  3-NO 


ECOMOmc  FARAKETIKS 

Inflation  A  diacountlnt  baia  yaar  «  1060 
Cian  Infla  indax  (1007  to  bata  yr)  ••  1.040 

Gal  infla  indax  (1000  to  bata  yr)  -  1.000 

Oil  infla  indax  (1000  to  bait  yr)  "  1.000 

Coal  infla  index  (1000  to  baia  yr)  «•  1.000 

Frojact  atart  yaar  «  1000 
Projaet  Ufa  (yr)  «  30 
Dapraciation  Ufa  (yr)  <•  13 
Canartl  inflation  rata  (I/yr)  -  0 

Typa  of  s**  escalation  -  asts 
Type  of  oil  escalation  ••  soil 
Typa  of  coal  escalation  acotl 
Discount  rata  (X/yr)  -  10 
Rate  of  return  on  invaat  (1/yt)  *•  17 
Anount  of  workins  capital  (month)  ••  2 
Fadaral  incona  tax  rata  (X)  ••  34 
Local  prop  tax  (&  insur)  rata  (i)  •>  2 


REAL  ESCAUTION  RATS  (X/yr) 


TYPE  OF  FUEL 

FSCAUTION 

ISOS 

-1990 

1900 

-1095 

1993 

-2000 

2000  AND 

SEYCND 

Gas 

agas 

2.28 

4.70 

3.40 

2.73 

01,1 

aoil 

.17 

4.16 

3.33 

2.77 

Coal 

aeoal 

1.46 

1.76 

1.61 

.81 

4:03  £M 


.100 

.030 

13000. 


Oct  13.  1960 


AHPRrwS  /OT;  1  X  60  f  tu/hr,  mt  KM.  CKALATIOH  -  AB?  1M7 
Total  ataaa  output  ••  60.0  K8tu/he  Coat  baia  yaac  1068 

Bollar  capacity  Taetoc  ••  .SOI  rrlsary  £uaL  ••  #6  FUEL  OIL 

Kuisbac  oE  unlta  Eoc  caElt  ••  1 


tgl5. 


¥ 

FUEL/ 

FUEL 

TOTAL 

MlIKT 

OTHER 

OF 

STEAM 

rwcE 

CAFITAL 

FUEL 

0  A  H 

0  A  H 

TECtlNQUmt _ WITS 

EFF 

3/KBtu 

VS 

VS 

VS 

VS 

Hatucal  (aa  bollar 

— 

.600 

.00 

.0 

.0 

.0 

.0 

#2  011  Elcad  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

#8  011  flrad  bollar 

.. 

.800 

3.87 

.0 

1215,2 

182.9 

*93.1 

Hlcronlxad  coal  raElt 

1 

.800 

1.61 

2862.7 

600.3 

393.3 

863.7 

Slastlnt  bumar  raElt 

1 

.SCO 

i.ei 

1082.0 

600.3 

393.3 

663.7 

Modular  FBC  raElt 

1 

.700 

1.81 

372S.1 

617.0 

371.2 

618.S 

Stokar  Eirlnt  raElt 

1 

.760 

2.10 

3377.7 

763.3 

371.2 

636.6 

Coal/watar  alurry 

1 

.730 

3.00 

7603. S 

10S0.6 

371.2 

S66.3 

Coal/oll  alurry 

1 

,780 

3. SO 

2300.0 

1188.7 

208.0 

S38.9 

Low  Btu  aaalElar  raflt 

-2 

.679 

2.19 

S80t.5  . 

8S1.9 

315,1.. 

885.1 

Faclcaiad  aball  atokar 

2 

.760 

2.10 

S060.0 

763.3 

371.2 

729.3 

Fackatad  aball  FBC 

2 

.760 

1.81 

62S0.7 

611.3 

371.2 

711.7 

riald  araetad  atokar 

1 

,800 

2.10 

7261.2 

72S.2 

371.0 

628. S 

Flald  araetad  FBC 

1 

.600 

1.81 

7068.0 

609,3 

131,6 

618.3 

Fulvarlzad  coal  bollar 

1 

.620 

1.81 

eiss.s 

SOl.l 

130.1 

678.0 

Clrculatlna  FBC _ 

_A_ 

-juSlfi-. 

JL0M-. 

«l,o_ 

AIR  rORCS_raOSECT _ rPJVftTlLJaWKL 


LIFE 

LIFE 

CYCLE 

CYCLE 

COSV. 

DISCOUKTEO 

COST. 

COAL 

9ISC0UNTE0 

BENEFIT/ 

FAYBACK 

OISCOWXEO 

BENEFIT/ 

#  OF 

USE. 

AS  SFEHT 

COST 

FERIOO, 

AS  SFENT 

COST 

TEcumocY 

UNITS 

tonlvr 

k$ 

RATIO 

vr 

VS 

RATIO 

natural  taa  bollar 

— 

0 

#2  011  Elrad  bollar 

— 

— 

0 

— 

86  oil  Elrad  bollar 

a-aa 

•  a. 

10.755 

1.000 

<—  ExUtlnt  ivatan.  pri 

oarv  EuaL 

H'lcronlzad  coal  raElt 

1 

12,935 

16,865 

1.185 

12.1 

18,510 

1.068 

Slaislng  bumar  raElt 

1 

12,035 

16,100 

1.071 

20.1 

21.34U 

.025 

Modular  FBC  raElt 

1 

13,008 

16,796 

1.051 

22.0 

22,113 

.893 

Stoker  Elrint  raElt 

1 

13,106 

18,109 

1.091 

17.8 

20.26(1 

.•275 

Coal/watar  alurry 

1 

13,707 

10,611 

1.006 

29.3 

21,161 

.020 

Coal/oll  alurry 

Hot  avaluatad 

I.OW  Btu  aaslfiar  raElt 

2 

15.01* 

.  22.476 

.870 

>31 

25.038 

.762 

FaekasaO  ahall  atokar 

2 

13,106 

20,221 

.077 

>31 

23,256 

.810 

Fackasad  ahall  FBC 

2 

13,61S 

20,180 

.070 

>31 

23,701 

.830 

Flald  araetad  atokar 

1 

12,736 

20,862 

.016 

>31 

25,007 

.790 

Flald  araetad  FBC 

1 

12,035 

21,131 

.035 

>31 

25,620 

.771 

Fulvarlzad  coal  bollar 

1 

12,610 

21,659 

.012 

>31 

26,369 

.7*9 

Clrculatina  FBC 

1 

12.775 

22.228 

.889 

>31 

27.509 

■718  - 
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* 


if 


mixyti  *n:  i  x  so  wui/hr.  nna..  kal  tscmxm  -  zoo 


To&«i  «t«M  output «  eo.o 

toiloc  c«p*eity  taetoc  ••  .SQt 
Kvsbtc  o£  units  £or  s«£lt  "  1 
Kydcst*4  Xlts«  prles(S/ton>  •>  ^0.00 
Ash  disposal  pclea  (3/ton)  *•  10.00 
Elsctslc  pries  (csnts/kWh)  >•  9.00 
Labor  r«t«  lX3i>t}  *•  33.00 
Linsstons  pries  (3/ton)  *•  20.00 
nno.  macs 

Kstucal  (as  pries  (3/t3tu)  ••  .00 
#2  011  pries  (3/KStu)  «  .00 
«S  Oil  pries  (S/K9tu)  «  3.67 

omens 

Soot  blowsr  sMltlpllsr  ••  .0 
Tubs  bank  md  aultlpllsc  ••  .0 
Bottoca  ash  pit  sniltlplisr  ••  1.0 
S02  eontrol  isultlpllsr  <•  »0 
LlHCSTOtaC/LlMe 

Insrt  fraetlon  .09 


K9tu/ht 

COAL  noraiTiEs 


IL&iiL.  Sisku 


Ash  fraetlon  •• 

.130 

.100 

Sulfur  fraetion  *< 

.020 

.020 

HKV  (Btu/lb)  •• 

12800. 

13000 

rue.  macs 

X.O.H.  coal  (S/K8tu)  - 

l.Oi 

Stoker  coal  (3/ratu)  •• 

2.10 

Coal/H20  mix  (3/KBtu)  > 

3.00 

Coal/oll  aix  (S/tiBtu)  •• 

3.90 

PriaMcy  tusL  is 

1 

13  FUEL  OIL 

W6  Oil,  2«d2  Oil, 

,  3-HC 

XCOMQKIC  PAIUMeTtRS 

Intlatlon  A  dlseountlns  bass  yssr  »  1088 
Can  intis  indax  (1087  to  bass  yc)  «  1.0(0 

Gas  intis  index  (1088  to  bass  yr)  ••  1.000 

Oil  Intis  index  (1388  to  baas  ye)  ••  1.000 

Coal  intis  index  (1088  to  bass  yr)  1.000 

Projset  start  year  ••  1000 
Frojset  llts  (yr)  •*  30 
Osprseiatlon  Ilfs  (yr)  •*  19 
Cansral  inflation  rats  (X/yr)  ••  0 

Typw  o£  (as  ssealatlon  ••  ssro 
Type  of  oil  ssealation  ••  ssro 
Type  o£  eoal  ssealatlon  ••  ssro 
Diseount  rats  (Z/yr)  ••  10 
Rats  ot  return  on  invest  (Z/yr)  ••  17 
Asnunt  ot  worlcin(  capital  (oonth)  ••  2 
Fsdsrsl  incoas  tax  rats  (Z)  •>  3( 
Local  prop  tftx  (&  insur)  rats  (Z)  •<  2 


REAL  ESCAIATIOR  RATE  (Z/yr) 


Hi 

TTPE  OF  FUEL 

ESCALATION 

1088 

-1990 

1080 

-1095 

1999 

-2000 

2000  AND 

BEYOND 

Gas 

z«ro 

0 

0 

0 

0 

Oil 

ztro 

0 

0 

0 

0 

Coal 

ztro 

0 

0 

0 

0 

1:37  m  Oct  10.  1988 
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AWXtWS  Ant  IX  W  MBtg/br.  mi.  KfM  tSCMMlOM  -  ZXM 
Total  ataia  output  <•  60.0  K3tu/hc  Coat  bait  yaar  ••  1S68 

Hollar  tapaelty  lactor  •*  ,50*  Trisaty  futl  •  #0  FUEL  Oil 

Kuaibar  oC  uolta  tos  raEit  1 


#  FUEL/ 

FUEL 

TOTAL 

MAIKT 

OTHER 

OF  STEA.M 

met 

CAPITAL 

FUEL 

0AM 

0AM 

* 

VS 

kS 

.VS 

Xatural  taa  bollat 

—  .800 

.00 

.0 

.0 

.0 

.0 

#2  011  Eltad  bollac 

--  .800 

.00 

.0 

.0 

.0 

.0 

-  .800 

3.67 

.0 

1215.2  .. 

182. 0 

403.1 

Hlctonlxad  coal  raflt 

1  .800 

1.84 

2682.7 

600.3 

393.3 

663.7 

Slaitlnt  bumar  ratlt 

1  .800 

1.84 

4082.0 

609.3 

303.3 

663.7 

Modular  FBC  rallt 

1  .790 

1.84 

3723.4 

617.0 

374.2 

648.3 

Stokar  firing  raElt 

1  .760 

2.10 

3377.7 

763.3 

374.2 

636.8 

Coal/watar  aluccy 

1  .730 

3.00 

2803.3 

1030.6 

374.2 

366.3 

Coal/oll  alurry 

1  .780 

3.30 

2300.0 

1188.7 

208.0 

536.0 

2.19 

RTm 

154.0 

^U-nl 

_ 643^4 _ 

Faekaiad  ahall  atokar 

2  .760 

2.10 

3060.0 

763.3 

374.2 

■SSI 

Faekatad  ahall  FBC 

2  .760 

1.84 

6230.7 

641.3 

374.2 

B8b| 

Flald  araetad 

atokar 

1  .800 

2,10 

7261.2 

723.2 

371.9 

WSM 

Flald  araetad  FBC 

1  .800 

1.84 

7088.0 

600.3 

434.6 

648.3 

Fulvarltad  coal  hollar  1  .820 

1.84 

8430.3 

304.1 

430.1 

678.0 

• 

1  .810 

1.84 _ 

iUImJI 

nimi 

371.0 

_ AIK  FOBCSraOJECT 

FRIVATt  PROJECT _ 

4 

LITE 

LIFE 

CYCLE 

craE 

COST, 

DISCOUXTEO 

COST, 

COAL  DISCOUXTEO 

BE.*IEFIT/  PAYBAO: 

DISCOUXTEO 

BEXEFIT/ 

#  OF 

USE. 

AS  SPEHT 

COST 

PERIOO, 

AS  SPEXT 

COST 

TECRHOLWY 

WITS 

ton/Yr 

kS 

RATIO 

vr 

kS 

RATIO 

Katueal  (aa  hollar 

0 

#2  011  flrad  bollar 

— 

— 

0 

— 

#6  011  flrad  hollar 

«. 

•  • 

14,944 

1.000 

_ <-■—  Exlsttni 

ivataa.  or 

Imary  fual 

Hlcronlxad  coal  raElt 

1 

12.933 

15,817 

.045 

>31 

17,667 

.846 

Slagslnt  buraar  raflt 

1 

12.933 

17.332 

.851 

>31 

20.473 

.730 

Modular  FBC  raflt 

1 

13.098 

17,037 

.833 

>31 

21,231 

.704 

Stokar  flrlni  raflt 

1 

13.406 

17,046 

.877 

>31 

10,172 

.770 

Coal/watar  alurry 

1 

13.797 

18,163 

.823 

>31 

10.046 

.740 

• 

Coal/oll  alurry 

Hot  avaluatad 

tow  Btu  xaaiflar  raflt 

2 

15.014 

21.285 

.702 

>31 

24.713 

.605 

Fackasad  ahall  atokar 

2 

13.406 

10,157 

.780 

>31 

22,163 

.674 

Packasad  ahall  FBC 

2 

13.615 

10,287 

.775 

>31 

22,873 

.653 

• 

Flald  araetad  atokar 

1 

12.738 

19,872 

.732 

>31 

23,969 

.623 

Flald  araetad  FBC 

1 

12.933 

20,283 

.737 

>31 

24,747 

.604 

Pulvarlxad  coal  l'-.<.lar 

1 

12.610 

20,831 

.717 

>31 

23,338 

.385 

Clrculatlnr.  FBC 

1 

12.775 

21.390 

.659 

>31 

26.648 

.561 

t:ll  m  Oct  18.  1988 


DOVER  AFB:  MAC 


BACKGROUND 

Dover  AFB  it  located  near  Dover,  Delaware.  The  four  central  heating 
plant  boilers  are  high-temperature,  hot-water  (414*F,  275-pti) 

units.  All  boilers  burn  No.  6  oil.  The  three  Combustion  Engineer¬ 
ing  units  were  designed  for  coal.  In  CY  1985  average  fuel  use  was 
about  46  KBtu/h,  and  the  January  1985  average  fuel  use  was  88 
MBtu/h.  In  FY  1986,  average  fuel  input  was  about  44  HBtu/h.  Boiler 
efficiency  at  peak,  load  is  about  77Z. 

HEATING  PLANT  UNITS 

Heating  Plant  No.  617; 

3  X  50  HBtu/h,  Combustion  Engineering,  1953 
1  X  50  HBtu/h,  International  Lamont,  1972 

IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  for  plant  Mo.  617* 


Fuel 

input 

(HBtu/h) 

CY  1985 
ideal 
capacity 
factor 

FY  1986 
ideal 
capacity 
factor 

20 

1.00 

1.00 

30 

0.94 

0.90 

40 

0.84 

0.80 

50 

0.76 

0.73 

60 

0.69 

0.67 

70 

0.63 

0.61 

80 

0.57 

0.55 

ENERGY  PRICES 

FY  1986  Price 

Data: 

Electricity  =  $16.5/HBtu  =  5.6c/kMh 
Distillate  =  $5.87/HBtu 
Residual  =  $5.00/HBtu 


C.  H.  Guernsey  and  Co.  Survey; 


Electricity  =  6.6c/kWh 
Residual  =  $4.67/HBtu 
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5.  COAL  PROPERTIES  AND  PRICES 


Scokcr 


ROH 


Origin 

Clearfield  Co.,  Pa. 

Clearfield  Co 

HHV,  Btu/lb 

13,000 

12,800 

X  Ash 

10 

13 

X  Sulfur 

2 

2 

X  Nitrogen 

1.5 

1.5 

Ash-softening 

2450 

2450 

temperature,  'F 

Swelling  index 

8-9 

8-9 

Top  size,  in. 

1  1/4 

2 

Bottom  size,  in. 

3/8 

0 

Fines,  X 

15 

Crindability  index 

90+ 

90+ 

Cost  at  mine,  6/ton 

40 

30 

Delivered  cost,  $/ton 

57 

47 

Energy  cost,  6/10  Btu 

2.19 

1.84 

6.  ENVIRONMENTAL  REGULATIONS 

6.1  Air  Pollucion  Emission  Limits  for  New  Sources 

S.O,.  No  emission  limits  £or  boilers  <100  HBcu/h;  1.2  Ib/HBcu 
and  902  reduction  £or  >100  HBcu/h. 

NOy.  No  emission  limits  for  boilers  <100  HBtu/h;  0.6  Ib/HBtu 
for  >100  HBtu/h. 

Particulates.  0.3  Ib/HBtu  for  boilers  1—100  HBtu/h;  0.05 
Ib/HBtu  for  >100  HBtu/h. 

6.2  Coal-Pile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L. 

6.3  Ash  Disposal 

Ashes  are  classified  as  "Solid  Waste  Refuse"  and  may  be  dis¬ 
posed  of  in  any  approved  sanitary  landfill.  Disposal  cost  is 
A5c/ton. 

7.  OTHER  CONSIDERATIONS 

Dover  is  the  current  site  for  a  coal-oil-water-mixtura  demonstration 
project.  Fuel  will  be  supplied  by  Coaliquid  Inc.  About  $4  million 
was  spent  to  alter  one  boiler  and  to  add  peripheral  equipment.  The 
altered  boiler  may  be  quite  ideal  for  a  micronized  coal  burner 
system  or  some  other  coal  technology. 


COAL-CONVERSION  PROJECT  OUTLOOK 


This  is  a  candidate  for  conversion  of  one  unit,  based  on  the  load 
data.  Also  note  that  one  boiler  has  been  reworked  for  coal-oil- 
water-mixture  firing  and  may  be  cheaply  converted  to  some  type  of 
lOOZ  coal  firing. 

If  one  50-HBtu/h  output  (-65-HBtu/h  fuel  input)  unit  was  converted 
to  coal,  the  maximum  capacity  factor  would  be  about  6SZ.  Assuming  a 
90Z  equipment  availability,  an  overall  capacity  factor  of  about  58Z 
is  obtained. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,  and  NO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for  SO2 
or  NO,(  reduction  because  the  proposed  conversion  project  is 
smaller  than  100  HBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  coal.  There  is  space  available  for  reinstalling 
coal  combustion  equipment  at  the  existing  boiler  or  for  con¬ 
struction  of  a  new  boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  install¬ 
ing  coal-handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8.3  Technical  Risk  of  Combustion  Technologies 

The  least  technical  risk  would  be  for  refit  of  stoker  firing  to 
the  existing  boiler,  since  it  was  originally  designed  for  this, 
or  installation  of  a  new  stoker-fired  boiler.  The  other  tech¬ 
nologies  would  have  greater  technical  risks  because  of  lack  of 
operating  experience,  and  all  of  them  would  be  of  the  same 
order  because  the  existing  boiler  is  designed  for  coal-firing. 

COGENERATION  PROJECT  OUTLOOK 

The  prospects  look  interesting  for  a  coal-fired  cogeneration  system. 
The  minimum  monthly  average  electric  load  is  about  4.7  MWe,  and  the 
price  of  electricity  is  high  (6.6c/kWh).  Based  on  the  FY  1986 
energy-use  data,  a  cogeneration  plant  with  a  boiler  rating  of 


68-HBcu/h  output  and  a  5-HWe  turbine-*generator  would  have  an  elec’- 
trlcal  power  capacity  factor  of  about  90Z  and  a  peak,  thermal  output 
of  50  HBtu/h,  with  a  thermal  energy  capacity  factor  of  about  70Z  if 
used  as  a  baseload  heating  plant.  A  cogeneration  plant  of  this 
capacity  should  be  near  the  optimum  size  for  base  needs.  A  water** 
tube  boiler  with  a  steam  rating  of  1A50  psia  and  950*P  would  be  the 
most  suitable  type  of  boiler  for  a  high-efficiency  cogeneration 
system. 

The  information  provided  by  the  base  energy-use  questionnaire  indi¬ 
cated  that  natural  gas  was  not  available  at  the  base,  and  therefore 
a  gas-fired  cogeneration  system  is  not  an  available  option. 
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10.  INPUT  AND  LCC  SUMIANT  SPRIADSIlEnS 


DOVP  ATB;  1  X  50  HPtu/hr.  tCC»»QHIC  rfflAWTPtS  ■  NCKINAL  VALUK 


Total  attaa  output  ••  30.0 
Bollar  capacity  factor  •  .303 
Hutabac  of  unlta  for  raflt  *•  1 
Bydratad  lima  prlca(S/ton)  40.00 
Aih  dlaposal  prlca  (S/ton)  10.00 
Elactrlo  prlca  (canta/kVOO  ••  6.60 
Labor  rata  (kS/yr)  ••  33.00 
Lltsaatona  prlca  (S/ton)  "  20.00 
FUEL  FRKDES 

Natural  gaa  prlca  (S/H2tu)  "  .00 
#2  011  prlca  (S/KOtu)  -  .00 
|6  Oil  prlca  ($/KBtu)  "  3.67 
OPIIOMS 

Soot  blowar  nultlpllar  •>  .0 
Tuba  bank  oMd  nultlpllar  ••  .0 
Bottom  ash  pit  nultlpllar  »  1.0 
S02  control  nultlpllar  ••  .0 
LIMENTOME/LIHE 


KBtu/hr 


COAL  FSOmilES 

R.Q.H. 

Ash  fraction  ■■  .130 
Sulfur  fraction  ~  .020 
BHV  (Btu/lb)  -  12600. 
FUEL  nUCES 

R.O.H.  coal  (S/HBtu)  -  1.84 
Stokar  coal  (S/KBtu)  •  2.19 
CoaI/K20  nix  (S/KBtu)  -  3.00 
Coal/oll  mix  (S/KBtu)  ••  3.30 

Primary  2ual  la  1 
40  FUEL  OIL 

W6  Oil,  2-«2  Oil,  3-NG 


Inart  fraction  ■*  .03 


ECOMOtaC  FARAKETESS 

Inflation  <>  dlicountlng  baaa  yaar  ••  1088 
Gan  Intla  Ir.dax  (1987  to  baaa  yr)  ••  1.040 

Oat  Infla  Indax  (1968  to  basa  yr)  ••  1.000 

Oil  Infla  Index  (1086  to  bait  yr)  ••  1.000 

Coal  Infla  Indax  (1088  tc  baaa  yr)  ••  1.000 

Project  start  yaar  •*  1900 
Frojaot  Ufa  (yr)  ••  30 
Dapraelatlon  Ufa  (yr)  ••  13 
Gtnaral  Inflation  rata  (X/yr)  ••  0 

Type  of  gas  aacalatlon  ••  agaa 
Type  of  oil  escalation  *■  soil 
Type  of  coal  aacalatlon  ••  ecoal 
Discount  rata  (X/yr)  ••  10 
Rata  of  return  on  invast  (X/yr)  ••  17 
Amount  of  Hotking  capital  (month)  ••  2 
Fadaral  Incoaa  tax  rata  (X)  ••  34 
Local  prop  tax  (&  Insur)  rata  (X)  ••  2 


REAL  ESCAUTION  RATE  (X/vr) 


TTPE  OF  FUEL 

ESCALATION 

1988 

-1990 

1990 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gat 

agaa 

3.89 

8.67 

5.77 

5.77 

Oil 

aoll 

4.86 

7.87 

4.16 

4.16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

1:14  PM 


Stokar 

.100 

.020 

13000. 
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WVtR  ATB!  1  X  50  WtM/hr.  JCTWQHIg  Kt5J!VJ,-VArtaa 

Total  ataam  outtnit  **  SO.O  HBtu/hr  Coat  baia  yaar  ••  IfiSS 

Bollar  capacity  Xaetoc  iSfiT  Fclmary  Cual  ••  #8  TUkL  OIL 

Hua^ar  o£  unlta  Toe  eaTlt  <*  1 


AMSVAL  COSKr 


# 

or 

TECHROLOSY _  UNITS 

Funi/ 

steah 

EFF 

Fua 

PRICE 

total 

aAFITAl 

k$ 

- 

iiAir- 

FUEl  0  fc  >: 

_ _ US _ 

0  4  H 

Yt  ... 

Natucal  gaa  bollac 

— 

.800 

.00 

.0 

.0 

.0 

.0 

K  Oil  Tliad  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

«  Oil  Tlrad  bollar 

— 

.800 

3.67 

.0 

_1171.4 

165.4 

484.6 

HleronUad  coal  laflt 

1 

.800 

1.64 

2818.3 

367.3 

366.2 

662.0 

Slatglns  bumac  caTlt 

1 

.800 

1.64 

4304.6 

387.3 

366.2 

602.0 

Kodulae  FBC  raflt 

1 

.790 

1.84 

3173.9 

394.7 

330.4 

642.6 

Stokae  Tiring  raTlt 

1 

.760 

2.19 

3070.2 

733.6 

330.4 

628.0 

Coal/watar  alurry 

1 

.720 

3.00 

2333.1 

1021.4 

330.4 

360.6 

Coal/oll  alurry 

1 

.760 

3.30 

2081.4 

1143.6 

279.0 

332.2 

low  Btu  gaslfiar  raflt 

_j _ 

.679 

2.19 

4208.6 

.624.1 

323.2 

788.3 

Faekagad  ahall  atokar 

1 

.760 

2.19 

3362.7 

733.6 

330.4 

626.9 

Faekagad  ahell  FBC 

1 

.760 

1.64 

4387.0 

518.2 

330.4 

643.3 

Flald  araetad  atokar 

1 

.600 

2.19 

6497.4 

699.0 

348.3 

619.2 

Flald  arcctad  FBC 

1 

.800 

1.64 

7133.3 

387.3 

407.0 

642.4 

Pulvarlzad  coal  bollar 

1 

.620 

1.84 

7362.3 

373.0 

411.2 

669.7 

ClrcuUtloa  FBC _ 1  .810  1.8* _ «*?L 6, 1 _ iiJLl _ ZSLl* 


AIR  FORCE  PROJECT _ fflIVATE-fPWKT. 


TECHNOLOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FAYBACK 

PERIOD, 

vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

k$ 

BENEFIT/ 

COST 

RATIO 

Natural  gas  bollar 

” 

0 

— 

#2  Oil  Tlrad  bollar 

— 

" 

0 

" 

d6  Oil  flrad  bollar 

— 

— 

23.091 

1.000 

Exlsbinx  svatara.  nrlmarv  fual 

Hlcronlxad  coal  raflt 

1 

12,468 

16,099 

1.434 

7.3 

17,829 

1.293 

Slagging  bumac  raflt 

1 

12,468 

17,660 

1.308 

11.2 

20,332 

1.135 

Kodulae  FBC  raflt 

1 

12,626 

17,972 

1.283 

12.2 

20,999 

1.100 

Stokae  flelng  caflt 

1 

12,923 

17,445 

1.324 

9.4 

19,433 

1.188 

Coal/watae  aluccy 

1 

13,300 

16,989 

1.216 

11.6 

20,672 

1,117 

Coal/oll  slurey 

Hob  avaluatad 

Low  Btu  aaslflar  raflt 

1 

14.473 

20.207 

1.143 

16.9 

22.827 

1.012 

Faekagad  ahall  stokae 

1 

ml 

17,868 

1.292 

10.7 

20,118 

1.148 

Faekagad  ahall  FBC 

1 

■SB 

17,712 

1.304 

11.3 

20,446 

1.129 

Flald  araetad  stokae 

1 

12,277 

19,839 

1.164 

17.1 

23,363 

.980 

Flald  araetad  FBC 

1 

12,468 

20,026 

1.133 

18.0 

24,065 

.960 

Fulvaclzad  coal  bollar 

1 

12,164 

20,497 

1.17.7 

19.5 

24,758 

.933 

Clrculatlna  FBC 

1 

12.31S 

21.001 

1.100 

21.5 

25.719 

.898 

•a 
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DOVCT  AI-8!  1  X  M  wtg/hr.  nm.  jgALJBCALMIOH  "  AM  1M7 


Total,  ataam  output  »  SO.O 
Sollac  capacity  factor  ••  .383 
Kuebar  of  unlta  foe  rafit  ••  1 
Hydratad  Una  prlca(3/ton)  **  40.00 
Aah  dlaporaL  pclea  (S/ton)  <•  10.00 
Electric  price  (canta/kWh)  «  6,80 
Labor  rata  (k3/yr)  ••  33.00 
Linaatona  price  (3/ton>  20.00 

run.  nuezs 

HatucaL  (aa  price  (S/KBtu)  ••  .00 
#2  OIL  price  (3/KBtu)  ••  .00 
<6  OIL  price  (S/KEtu)  ••  3.67 
omoNS 

Soot  blower  eultlpllar  ••  .0 
Tuba  bank  taod  aultlpLler  ••  ,0 
Botten  aah  pit  nultlpller  **  1.0 
S02  control  nuLtlpllar  *•  .0 
LIMESTOUK/LIME 

Inert  fraction  *■  .03 


KBtu/hr 


eXML  nonSRTlCS 

bjlil 

Aah  fraction  •*  .130 
Sulfur  fraction  "  .020 
U!{V  (Btu/Lb)  ••  12800. 
ruEL  mcEs 

R.O.H.  coal  (S/KBtu)  -  1.64 
Stoker  coal  (S/K8tu)  ••  2.10 
Coal/H20  nix  (S/KBtu)  >  3.00 
Coal/olL  nix  (S/KBtu)  <•  3.30 

Priatazy  fuel  la  1 
dS  FUEL  OIL 

l»#6  Oil,  2«#2  Oil,  3-KO 


ECONOKIC  VMUHEJtSS 

Inflation  A  dlacountini  baaa  year  ••  1886 
Can  Infla  Index  (1887  to  baaa  yr)  ••  1.040 
Gaa  Infla  Index  (1888  to  baaa  yr)  ••  1,000 
Oil  infla  Index  (1868  to  baaa  yr)  «  1.000 
Coal  Infla  Index  (1088  to  baaa  ye)  ••  1,000 
Project  atart  year  ••  1880 
Project  Ufa  (yr)  ••  30 
Depreciation  Ufa  (yr)  ••  IS 
General  Inflation  rata  (X/yr)  ••  0 

Typa  of  gaa  aacalatlon  <•  agaa 
Typa  of  oil  aacalatlon  ••  aoll 
Typa  of  coal  aacalatlon  •*  acoal 
Olacount  rate  (Z/yr)  ••  10 
Rata  of  return  on  inveat  (Z/yr)  ••  17 
Amount  of  working  capital  (month)  2 
Federal  Incona  tax  rata  (Z)  ••  34 
Local  prop  tax  (&  Innur)  rata  (Z)  ••  2 


REAL  ESCALATIOH  RATE  (Z/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

1988 

-1990 

1990 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gaa 

• 

2.28 

4.70 

3.49 

2.75 

Oil 

aoll 

.17 

4.16 

5.35 

2.77 

Coal 

acoal 

1.46 

1.76 

1.61 

.81 

1:22  PM 


.100 

.020 

13000. 


Oct  19,  1988 
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DCmg  ATS;  1  X  50  Wtg/hr.  fm  RKO,  KCAtJ^TIOW  -  ATO  1887 
Tq(«L  «t«*a  output  >•  39.0  KStu/ht  Coat  faM«  y«»r  •>  198S 

Bail*;  capacity  factor  «  ,383  Brleacy  fual  »  #8  mH  OIL 

Kuebac  of  unlta  for  raflt  ••  1 


# 

FUEL/ 

FUEL 

TOTAL 

MAIKT 

OTRER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  &  H 

0  &  H 

kS 

V5 

kS 

k8 

Katural  (t*a  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

#2  OIL  flrad  bollar 

“ 

.800 

.00 

.9 

.0 

.0 

.0 

.. 

.800 

3.97 

.  .0 

1171.4 

193.4 

494.6 

Hieronlsad  coal  raflt 

1 

.800 

1.84 

2616.3 

387.3 

368.2 

662.0 

Slatlins  bumar  raflt 

1 

.800 

1.64 

4304.6 

367.3 

368.2 

662.0 

Modular  FBC  raflt 

1 

.799 

1.64 

3173.9 

304.7 

330.4 

642.6 

Stokar  flrlni  raflt 

1 

.760 

2.19 

3070.2 

733,8 

330.4 

626.0 

Coal/watar  alurry 

1 

.730 

3.00 

2333.1 

1021.4 

330.4 

360.6 

Coal/olL  alurry 

1 

.780 

3.30 

2061.4 

1143.6 

270.0 

332.2 

J 

■  979 

2.19 

4209.9 

ITwH 

ER3QH 

Paekaiad  ahall  atokar 

1 

El 

2.19 

3382.7 

733.8 

330.4 

628.0 

Faekatad  ahall  FBC 

1 

RZl 

1.64 

4387.0 

618.2 

330.4 

643.3 

Flald  araetad  atokar 

1 

.800 

2.10 

6497.4 

690.0 

348.3 

610.2 

Flald  araetad  FBC 

1 

.800 

1.84 

7133.3 

387.3 

407.0 

642.4 

Fulvarlxad  coal  bollar 

1 

.820 

1.84 

7382.3 

373.0 

411.2 

660.7 

1 

■  910 

1.64 

3*9.3 _ 

-701 .4 _ 

AJR.r<?n?g.FRWKy _ nmK.miKi 


KCBROLMY 

#  OF 

UNITS 

COAL 

USE, 

ton/yr  _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_  kS 

BENEFIT/ 

COST 

.  RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

yr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

Katural  gaa  bollar 

0 

#2  011  flrad  bollar 

— 

— 

0 

— 

#9  011  flrad  bollar 

... 

.. 

10.019 

.  1.000- 

g—  Exlatlni  ayatam.  prlrairy  fual 

Hlcronlxad  coal  raflt 

1 

12,468 

18,006 

1.168 

11.6 

17,733 

1.073 

Slatilnt  bumar  raflt 

1 

12,466 

17,567 

1.063 

19.4 

20,256 

.939 

Modular  FBC  raflt 

1 

12^626 

17,678 

1.064 

21.5 

20,902 

.910 

Stokar  firing  raflt 

1 

12,923 

17,328 

1.098 

17.1 

19,313 

.985 

Coal/watar  alurry 

1 

13,300 

18,826 

1.010 

28.2 

20,505 

.926 

Coal/oll  alurry 

Not  avaluatad 

low  Btu  gatlflar  raflt 

1 

14.473 

20.076 

.947 

>31 

22.692 

.838 

Fackagad  ahall  stokar 

1 

12,923 

17,751 

1.071 

19.7 

19,998 

.951 

Fackagad  shall  FBC 

1 

13,125 

17,614 

1.080 

19.7 

20,345 

.935 

Flald  aract';d  atokar 

1 

12,277 

19,726 

.964 

>31 

23,449 

.811 

Flald  araetad  FBC 

1 

12,468 

19,933 

.954 

>31 

23,969 

.793 

Fulvarlxad  coal  bollar 

1 

12,164 

20,406 

.932 

>31 

24,364 

.771 

Cireulatlna  FBC 

1 

12.315 

20.009 

.910 

>31 

25.624 

.742 

1:22  FM  Oct  19,  1988 
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DOvnt  ATB;  1  3C  50  Mtuyhr._mL  MAL  BCAUIIOi  «  ZBO 


TottL  ittta  output  ••  30.0 
8ol].*r  ccpaeXty  Xaetor  •*  .333 
Xua^tc  o£  unltt  fox  taflt  ••  1 
Kydxatad  LIm  prie«(S/ton}  *•  AO. 00 
A«h  dUpottX  pxlc*  (3/ton)  **  30.00 
EUetrle  prle*  (e«nt«/)cWh)  •*  6.80 
Labor  rata  (kS/yc)  '*  33.00 
Llsaatona  ptlea  (S/ton)  ••  20.00 
FUEL  nUCES 

Hatuxal  (at  pxiea  (3/KBtu)  ••  .00 
#2  Oil  pxiea  (3/KBtu)  *  .00 
#6  Oil  pxiea  (3/KBtu)  -  3.37 
OnXOMS 

Soot  blowar  aultipliax  ••  .0 
Tuba  bank  ewd  aniltipliax  ••  .0 
Botton  aah  pit  nultipliar  ••  1.0 
S02  control  aultipliax  ••  .0 
LIMCSTOn/LIMK 

Inaxt  fraction  *  .03 


KBtu/hx 


COAL  ntomzRS 


EifiJL 

Stolitr 

Aah  fraction  -  .130 

.100 

Sulfur  fraction  -  .020 

.020 

BSV  (Btu/lb)  «  12800. 

13000. 

FUEL  nuczs 

R.Q.H.  coal  (3/KBtu)  -  1.8A 

Stokax  coal  (3/KBtu)  ••  2.18 

Coal/H20  mix  (S/KBtu)  »  3.00 

Coal/oll  mix  (3/KBtu)  »  3.30 

PriMLxy  fual  ia  1 
#3  FUEL  OIL 

W6  Oil,  2-#2  Oil,  3-MO 


ECOHOKIC  FAIAHCTEIIS 

Inflation  h  diacountint  baaa  yaar  "  1888 
Can  inf  la  indax  (1887  to  baaa  yx)  <•  l.OAO 

Gas  infla  indax  (1888  to  bass  yx)  ••  1.000 

Oil  infla  indax  (1888  to  baaa  yx)  ••  1.000 

Coal  infla  indax  (1886  to  baaa  ye)  ••  1.000 

Frojaet  ataxt  yaax  ••  1880 
Fxojsot  Ilfs  (yx)  ••  30 
Dapraciation  Ilfs  (yx)  -  13 
Ganaxal  inflation  eats  (Z/yx)  ••  0 

Typa  of  saa  aacalation  xaro 
Typa  of  oil  aacalation  ••  xaxo 
Typa  of  coal  aacalation  ••  xaro 
Diacount  eats  (Z/yx)  ••  10 
Rata  of  return  on  invaat  (Z/yx)  17 
Amount  of  ./orklns  capital  (month)  -  2 
Fadaxal  Incoaa  tax  rata  (Z)  -38 
Local  prop  tax  (&  Inaux)  rata  (Z)  ■*  2 


REAL  ESCAUTION  RATE  (Z/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATIOH 

1988 

-1990 

1990 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gas 

2tro 

0 

0 

0 

0 

Oil 

z«ro 

0 

0 

0 

0 

Coal 

zero 

0 

0 

0 

0 

1:29  EM 
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PQffg  mi  1 1 30  wtu/hr.  run.  mL  tscAunw  »  zxxy 

Total  ataaa  output  **  30.0  KStu/hr  Coat  baia  yaar  •*  IStS 

Boilar  capacity  Tactoc  **  .383  Filsaiy  Cual  *•  #S  FUSL  OIL 

Kuabas  o£  unlta  Tor  zaiit  *•  1 


AHyi?AL  COSTS 


* 

FUEL/ 

FUEL 

TOTAL 

MAXKT 

OTHER 

OF 

STEAM 

met 

CAPITAL 

FUEL 

0  8  M 

0  A  H 

TCCHSOIOGT _ WITS 

.  BFtL. 

k8 

k3 

__V5 

k$ 

Natural  taa  bollac 

— 

.800 

.00 

.0 

.0 

.0 

.0 

82  Oil  £lrad  boilar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

«  Oil  flrad  boilar 

.. 

ifO? 

3.67 

.0 

1171.4 

163.4 

48t.6 

Hlcronlrad  coal  raflt 

1 

.800 

1.8A 

2616.3 

387.3 

368.2 

662.0 

Sla((ins  bumar  ra£lt 

1 

.800 

1.81 

4304.8 

367.3 

368.2 

662.0 

Modular  FBC  raflt 

1 

.700 

1.84 

3173.0 

304.7 

330.4 

642.6 

Stokar  firlnt  raflt 

1 

.760 

2.10 

3070.2 

733.8 

330.4 

628.0 

Coal/watar  alurry 

1 

.730 

3.00 

2333.1 

1021.4 

330.4 

360.6 

Coal/oll  alurry 

1 

.780 

3.30 

2081.4 

1143.8 

270.0 

332.2 

Low  Btu  icaiflar  raflt 

_L_ 

.870 

2.10 

4206.6 

824.1 

323.2 

788.3 

Faekaiad  ahall  atokar 

1 

.760 

2.19 

3382.7 

733.8 

330.4 

628.0 

Faekatad  ahall  FBC 

1 

.760 

1.84 

4387.0 

618.2 

330.4 

643.3 

Flald  aractad  atokar 

1 

.800 

2.10 

6407.4 

600.0 

348.3 

610.2 

Flald  aractad  FBC 

1 

.800 

1.84 

7133.3 

387.3 

407.0 

642.4 

Pulvarltad  coal  boilar 

1 

.820 

1.84 

7362.3 

373.0 

411.2 

669.7 

Clreulatloa  FBC _ 

_j _ 

-JIS- 

_L64_ 

g*73.6 

_M0a_ 

348.3 

701.4 

_ AIR  FORCE  PROJECT _ 

_ _ PRIVATE  l-ROJECT _ 

LIFE 

LIFE 

CTCLE 

CYCLE 

COST, 

DISCOUNTED 

COST, 

COAL 

DISCOUNTED 

BENEFIT/ 

PATBACX 

DISCOUNTED 

HENEFIT/ 

«  OF 

USE, 

AS  SPENT 

COST 

PERIOD, 

AS  SPENT 

COST 

TECHNOLOGY 

UNITS 

ton/vr 

kS 

RATIO 

vr 

kS 

RATIO 

Natural  gaa  boilar 

— 

0 

— 

#2  Oil  firad  bollac 

— 

— 

0 

— 

86  Oil  firad  boilar 

— 

— 

14.381 

1.000 

crimirv  fuel 

Mlcronlzad  coal  raflt 

1 

12,468 

13,188 

.947 

>31 

16,691 

.851 

Slagglns  burnac  raflt 

1 

12,468 

16,749 

.839 

>31 

10,413 

.741 

Modular  FBC  raflt 

1 

12,626 

17,050 

.843 

>31 

20,030 

.717 

Stoker  firing  raflt 

1 

12,923 

16,303 

.882 

>31 

18,239 

.788 

Coal/watar  alurry 

1 

13,300 

17,404 

.826 

>31 

19,042 

.755 

Coal/oll  slurry 

Not 

avaluatad 

Low  Btu  xaslfiar  raflt 

1 

14.473 

18.929 

.760 

>31 

21.512 

.669 

Packaged  shall  stokar 

1 

12,923 

16,727 

.660 

>31 

18,944 

.759 

Packaged  ahall  FBC 

1 

13,123 

16,753 

.856 

>31 

10,459 

.739 

Field  erected  stoker 

1 

12,277 

18,754 

.767 

>31 

22,447 

.641 

Field  erected  FBC 

1 

12,468 

19,115 

.752 

>31 

23,128 

.622 

Pulverized  coal  boiler 

1 

12,164 

19,608 

.733 

>31 

23,844 

.603 

Cireulatlna  FBC 

1 

12.315 

20.101 

is_ 

>31 

24.794 

.580 

1:29  ?a  Oct  19,  1988 
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KcCUIRE  AFB:  MAC 


1.  BACKGROUND 

HcCuirc  APB  is  Located  near  Trencon,  New  Jersey.  The  main  boiler 
plant  at  KeCuire  used  coal  until  I9?Q  when  all  boilere  were  switched 
CO  natural  gas  and  distillate  oil  (backup  fuel).  All  boilers  are 
water-tube,  high-temperature,  hot-water  units  and  have  Cleaver 
Brooks  electrostatic  precipitators.  Boiler  ePEiciencies  are  re¬ 
ported  as  7A-70X.  Fuel  use  is  about  500,000  HBcu/year,  for  a  yearly 
average  o£  -57  HBtu/h.  Earlier  data  indicate  that  fuel  use  was 
previously  much  higher.  Probably  no  coal-handling  equipment  is 
repairable. 

2.  HEATING  PLANT  UNITS 

Heating  Plant  No.  2101: 

A  X  50  HBtu/h,  Combustion  Engineering,  1953 
2  X  31.2  HBtu/h,  Eric  City,  1960 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  for  plant  No.  2101. 


Fuel 

input 

(HBtu/h) 

CY  1985 
ideal 
capacity 
factor 

FY  1986 
ideal 
capacity 
factor 

30 

0.93 

0.92 

AO 

0.82 

0.82 

50 

0.76 

0.76 

60 

0.71 

0.71 

70 

0.67 

0.66 

80 

0.63 

0.62 

ENERGY  PRICES 

FY  1986  Price 

Data: 

Average 

Year  end 

Electricity 

7.0c/kWh 

Same 

Distillate 

$6.85/HBtu  Same 

Natural  gas 

$3.85/HBt 

:u  $2.70/HBtu 

C.  H.  Guernsey  and  Co.  Survey; 


Electricity  =  7.8c/kWh 
Distillate  =  $5.56/MDtu 

Natural  gas  =  $5.A0/HBtu  (this  is  apparently  a  mistake) 


An  Inquiry  inco  Che  t^a  price  revealed  ChaC  che  price  fluctuatet  and 
Che  gat  supply  la  inccrrupclble.  The  gaa  supply  la  only  rMrely 
Incerrupcedt  and  a  cost  of  abouc  $4.00/HBcu  would  be  rcpreae.n\'\tlve> 


COAL  PROPERTIES  AND  PRICES 

Stoker 

ROM 

Origin 

Clearfield  Co.,  Pa. 

Clearfield  Co 

HHV,  Btu/lb 

13,000 

12,800 

%  Ash 

10 

13 

%  Sulfur 

2 

2 

X  Nitrogen 

1.5 

1.5 

Ash-aoftening 

2450 

2450 

temperature,  *F 

Swelling  index 

B-9 

8-9 

Top  size,  in. 

Bottom  size,  in. 

1  1/4 

2 

3/8 

0 

Fines,  % 

15 

Crindability  index 

90-»- 

90-^ 

Coat  at  mine,  $/ton 

40 

30 

Delivered  cost,  $/ton 

58.50 

48.50 

Energy  coat,  $/10S  Btu 

2.25 

1.89 

EHVIROMMENTAL  RECUUTIOMS 

6.1  Air  Pollution  Emiaalon  Limits  for  New  Sources 

SO,.  For  boilera  >250  HBtu/h:  0.6  Ib/HBtu  and  70Z  reduction; 
for  boilera  >1  and  <250  HBCu/h*  0.3  Ib/MBCu. 

NO^.  No  emiaalon  limiCa  for  boilera  <100  KBtu/h;  for  boilera 
>100  HBtu/h:  apreader  acoker  and  FBC  ^  0.6  Ib/MBtu;  pulverised 
coal  —  0.7  Ib/MBtu. 

Particulatea.  0.03  Ib/MBtu  (aCate-of-the-art  technology  rc- 
qulred). 

6.2  Coal-Pile  Runoff 

Limit:  Total  auapended  aolida  -  50  mg/L. 

6.3  Ash  Dloposal 

Ashes  are  classified  as  nonhazardous  solid  waste  and  may  be 
disposed  of  in  any  approved  sanitary  landfill. 

OTHER  CONSIDERATIONS 

Electric  use  in  FY  1986  was  55,000  MWh,  an  average  of  6.3  MW. 
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8,  COAL-CONVERSION  PROJECT  OUTLOOK 

A  conversion  projecc  using  cos'  to  generste  SO  HBcu/h  of  steam 
(-6S  HBtu/h  fuel  input)  msy  be  fessible.  Assuming  90X  equipment 
AVAilability,  An  ovcrAll  capAcicy  factor  of  about  62X  could  be 
expected.  The  price  of  natural  gas  is  very  important  to  the  econom¬ 
ics  of  such  a  project;  the  discrepancy  in  price  must  be  investigated 
further. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  The  strict  SO,  emission  limit  will  require  90Z  or  greater 
SO,  reduction  while  burning  2X  sulfur  coal,  which  will  necessi¬ 
tate  the  use  of  a  flue  gas  scrubber  with  stoker  firing,  lime¬ 
stone  addition  with  micronized  coal  or  FBC,  or  the  use  of  deep- 
cleaned  coal-water-mixture  fuel. 

NOj(.  No  special  measures  will  be  required  for  NOj^  reduction 
because  the  proposed  conversion  project  is  smaller  than 
100  KBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  will 
be  required  to  comply  with  the  strict  particulate  emission 
limits  except  for  the  case  of  using  a  wet  scrubber  for  SO,  con¬ 
trol.  Electrostatic  precipitators  are  still  in  place  and  may 
be  reusable. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  coal.  There  is  space  available  for  reinstalling 
coal-combustion  equipment  at  the  existing  boiler  or  for'  con¬ 
struction  of  a  new  boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  Host  of  the  auxiliary  equipment  is 
still  in  place,  but  some  of  it  is  in  very  bad  condition  and 
cannot  be  used. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8.3  Technical  Risk,  of  Combustion  Technologies 

Because  of  the  need  for  strict  SO,  control,  the  technical  risk 
is  about  equal  for  all  the  coal-combustion  technologies.  Refit 
of  stoker  firing  would  be  the  lowest  risk  for  the  combustion 
process,  but  the  need  for  a  flue  gas  scrubber  increases  the 
overall  risk  for  that  option. 


9.  COCENERATIOH  PROJECT  OUTLOOK 


The  prospccci  appenr  to  be  potentielly  favoceble  for  c  co*l-Cired 
cogeneration  system.  The  minimum  monthly  average  electric  load  is 
about  5.2  HWe  and  the  price  oC  electricity  is  high  (7.8e/kWh). 
Based  on  the  FT  1986  energy-use  data,  a  cogeneration  plant  with  a 
boiler  rating  of  68  HBcu/h  output  and  a  5-HWc  turbine-generator 
would  have  an  electrical  power  capacity  factor  of  about  90Z  and  a 
peak  thermal  output  of  SO  KBtu/h  with  a  thermal  energy  capacity 
factor  of  about  72%  if  used  as  a  baseload  heating  plant.  A  water- 
tube  boiler  with  a  steam  rating  of  1450  psia  and  950*F  would  be  the 
most  suitable  type  of  boiler  for  such  a  cogeneration  plant. 
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10.  XNm  A.SO  ICC  SUHKAXy  SWEADSHEnS 


Total  ittam  output  «  30.0 

KStu/hr 

Boilar  capacity  factor  <•  .618 

Hudbar  of  unlta  for  rafit  »  1 

ttydratad  lima  prica(S/ton)  •*  lO.OO 

COAL  nomnts 

Aah  ditpotal  prica  (3/ton)  ••  10.00 

Elaetrlo  prica  (eanti/bWh)  ••  7.80 

Ath  fraction  ••  ,130 

.100 

Labor  rata  (kS/yr)  *•  33.00 

Sulfur  traction  «  .020 

.020 

Llmaitona  prica  (3/ton)  *•  20.00 

IlHV  (Btu/lb)  «  12800. 

13000. 

FUEL  nuCES 

FUEL  nUCES 

Natural  gat  prica  (S/K8tu)  ••  1.00 

R.O.H.  coal  (S/K8tu)  -  1.89 

#2  Oil  prica  (S/K8tu)  -  1.71 

Stokar  coal  (3/KStu)  «  2.23 

#6  Oil  prica  (S/KStu)  .00 

Coal/H20  mix  (3/MStu)  »  3.00 

omoNS 

Coal/oil  mix  (S/K8tu)  -  3.30 

Soot  bloviar  multipliar  >  .0 

Tuba  bank  nod  multipliar  <■  .0 

Frimary  fual  la  3 

Bottom  tth  pit  multipliar  »  1.0 

NATURAL  CAS 

S02  control  multipliar  ••  1.0 

WS  Oil.  2>F2  Oil,  3-NG 

LIHESTONE/LIHE 

Inazt  fraction  .03 

ECONOMIC  EAXAHEmS 

Inflation  t  dlieountlnt  bt««  y«tc  *  1908 
Gan  infla  Indax  (1987  to  bata  yr)  «•  1,010 

Caa  Infla  Indtx  (1988  to  bai«  yt)  *  1.000 

Oil  infla  indtx  (1988  to  bata  yr)  ••  1.000 

Coal  infla  Indax  (1988  to  bait  yr)  »  i.ooo 

Fiojact  atart  yaar  ••  1990 
Fcojact  lift  (yr)  ••  30 
Daptaeiation  lift  (yr)  ••  13 
Canaral  inflation  rata  (Z/yr)  ••  0 

Typa  of  cat  axcalation  *•  agas 
Typa  of  oil  ascalation  **  toll 
Typa  of  coal  aacalation  •*  acoal 
Dlacount  rata  (Z7yr)  ••  10 
Rata  of  ratum  on  Invaat  (Z/yr)  >  17 
Amount  of  wotbing  capital  (month)  *  2 
Fadaral  incoma  tax  rata  (Z)  ••  31 
Local  prop  tax  (&  intur)  rata  (Z)  ••  2 


► 


REAL  ESCAUTIOW  RATE  (Z/vr> 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

1688 

-1080 

1890 

-1985 

1993 

-2000 

2000  AND 

BEYOND 

Gat 

3.89 

8.87 

5.77 

5.77 

Oil 

toil 

A. 66 

7.87 

A. 16 

4.16 

Coal 

acoal 

1.16 

2.31 

1.19 

1.19 

11:31  AM  Oct  20,  1988 
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HCtWTni;  ATB!  1  X  }Q  K8Ui/hr.  gCQWCHTC  tKMmXS  -  MOmKfi.  VALUB 
Total  ataan  output  ••  20.0  KStu/hr  Coat  baaa  yaar  •<  ISXS 

Eollar  capacity  factor  *■  .SIS  Eclaacy  fuaL  ••  HATUItM.  OAS 


Kusbar  of  unite  ton  rafit  " 

1 

_ ARWAL  COSTS _ 

# 

FUEL/ 

FUEL 

TOTAL 

KAIMT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  fc  H 

0  fc  H 

kS 

kS 

VS 

VS 

Hatural.  t**  boilac 

— 

.800 

4.00 

.0 

1?*3.4 

162.4 

406.2 

iZ  Oil  ficad  boilac 

— 

.800 

4.71 

.0 

1203.7 

162.4 

406.2 

.. 

.00 

.0 

.0 

.0 

,0 

Hlcconizad  coal  rafit 

1 

.800 

1.80 

2007.2 

630.2 

366.2 

778.2 

Siaggint  bucTtac  rafit 

1 

.800 

1.80 

4702.6 

630.2 

366.2 

776.2 

iiodular  FfiC  rafit 

1 

.700 

1.60 

2442.3 

647.6 

320.4 

741.0 

Stokar  firing  rafit 

1 

.7A0 

2.22 

4424.4 

623.0 

241.0 

740.4 

Coal/watar  alurry 

1 

.720 

S.OO 

2621.2 

1082.7 

320.4 

673.7 

Coal/oil  alurry 

1 

.780 

3.20 

2204.0 

1214.6 

270.0 

200.0 

] 

2.25 

024.7 

323.2 

1008. f 

Fackagad  ahall  atokar 

1 

,7i0 

2.22 

4066.0 

823.0 

241.0 

740.4 

Paekagad  ahall  FBC 

1 

.760 

1.60 

4820.2 

673.1 

320.4 

744.8 

Flald  aractad  atokar 

1 

.780 

2.2. 

7877.2 

760.8 

230.6 

726.0 

Fiald  aractad  FBC 

1 

o 

o 

1.60 

7216.3 

630.2 

407.0 

730.8 

Pulvarixad  coal  boilar 

1 

.800 

1.80 

6042.1 

630.2 

602.7 

770.0 

1 

1.80 

62JL4_ 

770.0 

AIR  FORCE  PROJECT _ fRLVAIC-rRQ-IggT. 


TECHHOLOOT 

#  OF 

UHIIS_ 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

OISCOUHTEO 

AS  SPEHT 

kS 

BEHEFIT/ 

COST 

RATIO 

OISCOUHTEO 

PAYBACK 

PERIOD, 

_ YX _ 

LIFE 

CYCLE 

COST, 

OISCOUHTEO 

AS  SPEHT 

_ kS _ 

BEHEFIT/ 

COST 

_ BAUQ _ 

Hatural  gaa  boilar 

20,110 

1.000 

<— ■*  Existing  systao,  primary  fual 

42  Oil  firad  boilar 

— 

— 

20,610 

— 

— 

.. 

0 

— 

Hicronixad  coal  rafit 

1 

13,217 

17,710 

1.643 

6.6 

10,636 

1.462 

Slagging  bumar  rafit 

1 

13,217 

10,260 

1.210 

0.7 

22,100 

1.314 

Modular  FBC  rafit 

1 

13,384 

10.424 

1.406 

10.3 

22,624 

1.282 

Stokar  firing  rafit 

1 

14,080 

21,084 

1.324 

13.1 

24,774 

1.172 

Coal/watar  alurry 

1 

14,008 

20,680 

1.407 

6 

22,565 

1.200 

Coal/oll  slurry 

Hot 

avaluatad 

1 

■WuS 

16.2 

Fackagad  shall  atokar 

1 

14,030 

22,407 

1.200 

14.1 

22,429 

1.143 

Paekagad  ahall  FBC 

1 

13,013 

19,241 

1.213 

0.7 

22,121 

1.314 

Fiald  aractad  stokar 

1 

13,347 

24,286 

1.100 

18.6 

28,809 

1.010 

Flald  aractad  FBC 

1 

13,217 

21,341 

1.364 

13.2 

22,427 

1.143 

Fulvarixod  coal  boilar 

1 

13,217 

24,623 

7.173 

10.0 

29,677 

.974 

Cireulatlnn  FBC 

1 

13.054 

27.152 

1.314 

_ 15x2 _ 

26.038 

7.081  — 
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HKwna  An;  ix  so  wtuyhr.  mL  mal  bcautiok  -  ab?  i9t? 


Total  ataam  output  SO.O 

Bollar  capacity  laetor  .filB 

Kua^ac  o£  unlta  £oc  taflt  ••  I 
Hydratad  lima  pclca(S/ton)  **  40.00 
Ath  dlipoial  prlca  (S/ton)  *■  10.00 
Elactclo  pclca  (canta/kUh)  ••  7.80 
Labor  rata  (k9/yr)  ••  3S.00 
Llmaatona  prlca  (S/ton)  20.00 
ruQ.  'Mas 

Katural  (aa  prlca  (3/KBtu)  4.00 

#2  011  prlca  (S/K8tu)  -4.71 

#6  011  prlca  (S/K8tu)  >  .00 

onions 

Soot  blowar  nultlpllar  ••  .0 
'Tuba  bank  mod  AMltlpllar  >  .0 
Bottom  ath  pit  multlpllar  •>  1.0 
S02  control  multlpllar  1.0 
LSaSTOKZ/LnC 

Inarb  Traction  **  .03 


KBtu/hr 


COAL  nonottizs 

R.O.H.  Stokar 
Ath  fraction  ••  .130  .100 

Sulfur  fraction  ■■  .020  .020 

8HV  <Btu/lb)  -  12800.  13000. 

run  nucBS 

R.O.H.  coal  (S/KBtu)  "  1.80 
Stokar  coal  (S/KBtu)  -  2.23 
Coal/H20  mix  (S/KStu)  -  3.00 
Coal/oll  mix  (3/HBtu)  -  3.30 

fclmary  fual  la  3 
HATURAL  GAS 

l-#8  Oil,  2-#2  Oil,  3-NO 


XCOMOKIC  rAJUMCTOIS 

Inflation  A  dlaeountlnt  baia  yaar  ••  1088 
Can  Infla  Indax  (1087  to  bata  yr)  -  1.040 

Gaa  Infla  Indax  (1088  to  bata  yr)  -  1,000 

Oil  Infla  Indax  (1088  to  baaa  yr)  ••  1.000 

Coal  Infla  Indax  (1068  to  bata  yr)  ^  1.000 

Frojaet  start  yaar  ••  1000 
Frojaet  Ufa  (yr)  ••  30 
Dapraclatlon  Ufa  (yr)  ■■  13 
Ganaral  Inflation  rata  (2/yr)  ••  0 

Typa  of  tas  aacalatlon  *•  a(aa 
Typa  of  oil  asealatlon  -  toll 
Typa  of  coal  asealatlon  aeoal 

Discount  rata  (Z/yr)  10 

Rata  of  ratum  on  Invast  (Z/yr)  ••  17 
Amount  of  worklns  capital  (month)  ■■  2 
Fadaral  Ineomt  tax  rata  (Z)  ••  34 
Local  prop  tax  (&  Insur)  rata  (!)  ••  2 


REAL  ESCALATION  RATE  (Z/vr) 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

1088 

-1090 

1090 

-1995 

1995 

-2000 

2000  AND 

BEYOND 

Gas 

agas 

2.28 

4.70 

5.49 

2.75 

Oil 

toll 

.17 

4.16 

3.55 

2.77 

Coal 

aeoal 

1.46 

1.76 

1.61 

.81 
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tlCWM.tfltt.,  i..X.S9-Wt\i/hn.Em.RS6LJg«yffl«f  "■AK,.1M7 

Total  attao  output  "  30.0  KBtu/hc  Coat  baat  yaar  *•  1688 

Bollar  capacity  Taetoc  ••  ,818  Fclaacy  Tual  m  KATURAL  CAS 

Hinbar  oT  unlta  Toe  raflt  ••  1 


AXWAL  COSTS 


# 

OF 

TECm^OlQCY _ CHITS 

ruEi/ 

STEAM 

EFF 

FUEL 

PRICE 

S/lStu 

TOTAL 

CAPITAL 

k$ 

FUEL 

k$  _ 

KAIHT 

0  &  H 

VS 

OTHER 

0  &  H 

kS 

Hatueal  gaa  bollar 

— 

.800 

4.00 

.0 

1333.4 

163.4 

406.2 

#2  011  Tlrad  bollar 

— 

.800 

4.71 

.0 

1363.7 

163.4 

466.2 

... 

.800 

.00 

.0 

.0 

.0 

.0 

Hloconlzad  coal  caTlt 

1 

.800 

1.86 

2607.2 

630.3 

368.2 

776.3 

Slagging  bumac  raflt 

1 

.800 

1.89 

4765.6 

630.3 

368.2 

776.3 

Modular  FEC  raflt 

1 

.760 

1.86 

3442.3 

647.6 

330.4 

741.0 

Stobar  Tiring  raTlt 

1 

.740 

2.23 

4434.4 

823.0 

341.0 

740.4 

Coal/watae  slurry 

1 

.730 

3.00 

2631.3 

1082.7 

330.4 

673.7 

Coal/oll  alurry 

1 

.780 

3.30 

2294.6 

1214.6 

279.0 

300.0 

.630 

2.25  _ 

l-LkiM 

024.7 

323.2 

1008.3 

Psekagad  shall  atokar 

1 

.740 

2.25 

4666.6 

823.0 

341.0 

740.4 

Fackagad  shall  FBC 

1 

.760 

1.86 

4836.3 

673.1 

330.4 

744.8 

Fiald  aractad  atokar 

1 

.780 

2.25 

7877.2 

780.8 

330.8 

726.0 

Flald  aractad  FBC 

1 

.800 

1.86 

7216.3 

630.3 

407.0 

730.8 

Fulvarlzad  coal  bollar 

1 

.800 

1.80 

8042.1 

630.3 

802.7 

770.0 

1.80 

8543.0 

631.8 

348.3 

-222J_ 

ATILFORCE. PROJECT _ SSIMLISSI^ 


LIFE 

LIFE 

cveu 

CYCLE 

COST, 

DISCOUNTED 

COST, 

COAL 

DISCOUNTED 

BENEFIT/ 

PAYBACK 

DISCOUNTED 

BENEFIT/ 

#  OF 

USE, 

AS  SPENT 

COST 

PERIOD, 

AS  SPENT 

COST 

kS 

_ YE _ 

_ kS _ 

Natural  gas  bollar 

— 

— 

22,261 

1.000 

< —  Existing  aystaa,  primary  Tual 

#2  011  Tlrad  bollar 

— 

— 

24,070 

" 

88  011  Tlrad  bollar 

.. 

0 

.. 

Mlcronlzad  coal  raTlt 

1 

13,217 

17,618 

1.264 

9.7 

10,531 

1.140 

Slagging  bumar  raTlt 

1 

13,217 

19,178 

1.151 

14.7 

22,055 

1.009 

Modular  FBC  raTlt 

1 

13,384 

19,331 

1.150 

15.6 

22,548 

.087 

Stokar  Tiring  raTlt 

1 

14,069 

21,653 

1.019 

26.8 

24,640 

.003 

Coal/watar  slurry 

1 

14,098 

20,517 

1.085 

17.6 

22,388 

.994 

Coal/oll  slurry 

Hot 

avaluatsd 

Low  Btu  aaslTlar  raTlt 

1 

15.806 

23.400 

.951 

>31 

26.513 

.840 

Fackagad  shall  stokar 

1 

14,069 

22,277 

.999 

>31 

25,325 

.879 

Fackagad  shell  FBC 

1 

13,013 

19,134 

14.6 

22,041 

Flald  aractad  atokar 

1 

13,347 

24,164 

.921 

>31 

28,681 

.776 

Flald  aractad  FBC 

1 

13,217 

21,239 

1.048 

23.7 

25,353 

.878 

Fulvarlzad  coal  bollar 

1 

13,217 

24,721 

.901 

>31 

29,773 

.748 

Circulating  FBC 

1 

13.054 

22.052 

1.009 

29.2 

26.834 

.830 

11:40  AH  Oct  20,  1988 
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^nU5  AHl;  1  X  go  Wtufhr.  mi,  REAI.  TSC*Lk1VX^iaQ 
Totftl  sUab)  output  “  30.0  KStu/ht 

Bollor  e«paclty  factor  -  ,618 
Kunbor  of  unlti  for  raflt  «  1 


Hydrated  line  pcica($/ton)  ••  10.00 

COAL  FKOmTIES 

Aah  diapoaal  price  (S/ton)  ••  10.00 

EaSiUi. 

S)U2K.".C 

Elaetrie  price  (eanta/kWh)  «  7.80 

Aah  fraction  «  .130 

.100 

Labor  rata  (VS/yr)  ••  33.00 

Sulfur  fraction  *<  .020 

.020 

llBsaatone  price  (S/ton)  ••  20.00 

HKV  (Btu/lb)  w  12800. 

13000, 

FUEL  FUCES 

FUEL  PRICES 

Katural  gaa  price  (S/KBtu)  1.00 

R.O.H.  coal  (8/KBtu)  •  1.80 

#2  Oil  price  (S/KStu)  -  1.71 

Stoker  coal  (6/KBtu)  **  2,23 

#6  Oil  price  (S/KStu)  «•  .00 

Caal/H20  nix  (S/KBtu)  ••  3.00 

OPIIOHS 

Coal/oil  aix  (S/KBtu)  ••  3.30 

Soot  blower  sMltipliar  *•  ,0 

Tuba  banlc  swd  cKiltipliar  >•  .0 

FrlaMxy  fuel  la  3 

Bottoca  aah  pit  eultipliar  1.0 

KATURAL  CAS 

S02  control  BMltipliar  ••  1,0 

1-18  Oil,  2<^2  Oil.  3>KG 

LIHESTOME/LIMC 

Inort  fraction  •*  .03 


ZXCNGHIC  FAKAMEnSS 

Inflation  &  dlacountins  baaa  yaar  •*  1866 
Can  infla  Indax  (1887  to  baaa  yr)  ■  l.OAO 

Caa  infla  indax  (1068  to  baaa  yr)  ••  1.000 

Oil  infla  indax  (1988  to  baaa  yr)  «  1,000 

Coal  infla  indax  (1088  to  baaa  yr)  ••  1.000 

Projact  atart  yaar  <■  1080 
Frojaot  Ufa  (yr)  ••  30 
Dapraciatlon  lifa  (yr)  ••  13 
Canaral  inflation  rata  (X/yr)  *•  0 

Typa  of  ;aa  aacalation  ••  zaro 
Typa  of  oil  aacalation  <•  zaro 
Type  of  coal  aacalation  zero 
Dlacount  rata  (X/yr)  ••  10 
Rata  of  return  on  invaat  (X/yr)  17 
A.-BOunb  of  working  capital  (oonth)  ••  2 
Fadaral  incocia  tax  rata  (X)  31 

Local  prop  tax  (&  inaur)  rata  (X)  ••  2 


FUEL 

TYPE  OF  FUEL 

ESCALATIOll 

REAL  ESCAUTIOH  RATE  (X/vr) 

1988 

-1990 

1980 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Caa 

stro 

0 

0 

0 

0 

Oil 

£«ro 

0 

0 

0 

0 

Coal 

zero 

0 

0 

0 

0 

11:17  AM  Oct  20,  1988 
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HCCTtBf  Affli  1  X  >0  HBtg/hr.  nnx  WAL  tSCAUTICTt  "  ZOO 
Total,  ataaia  output  «•  30.0  KBtu/hc  Coat  btaa  yaar  »  X08S 

Bollac  capacity  factor  •*  ,618  Primary  fual  »  KATUHAL  CAS 

Kuabar  of  unlta  for  rafit  »  1 


# 

FUEl/ 

FUEL 

TOTAL 

KAIHT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  A  H 

0  A  H 

k3 

kS 

k8 

kS 

natural  (ai  boilar 

— 

.600 

4.00 

.0 

1333.4 

163.4 

406.2 

#2  Oil  firad  boilar 

— 

.600 

4.71 

.0 

1303.7 

163.4 

406.2 

•  a. 

.800 

.00 

.0 

.0 

.0 

.0 

Micronixad  coal  rafit 

1 

.800 

1.88 

2007.2 

630.3 

368,2 

776.3 

Slattini  bumar  rafit 

1 

.800 

1.80 

4703.6 

630.3 

368.2 

776.3 

Modular  F9C  rafit 

1 

.700 

1.80 

3442.3 

647,6 

330.4 

741.0 

Stokar  firinc  rafit 

1 

.740 

2.23 

4434.4 

823,0 

341.0 

740.4 

Coal/watar  ilurry 

1 

.730 

3.00 

2631.3 

1082.7 

330.4 

673.7 

Coal/oil  alurry 

1 

.780 

3.30 

2204.0 

1214.6 

270.0 

300.0 

J 

RlTl 

2.23 

024.7 

323.2 

Packasad  ahall  atokar 

1 

.740 

2.23 

4066.0 

341.0 

740.4 

Paekacad  ahall  FBC 

1 

.760 

1.80 

4830.3 

673.1 

330.4 

744.6 

Fiald  aractad  atokar 

1 

.780 

2.23 

7877.2 

780.6 

330.6 

726,0 

Piald  aractad  FBC 

1 

.800 

1.80 

7216.3 

630.3 

407.0 

730.8 

Pulvariaad  coal  boilar 

1 

.800 

1.80 

8042.1 

630,3 

602,7 

770.0 

1.60 

631.6 

770.0 _ 

AIR  rORCE  raOJECT _ PRIVATE  PROJICT 


TECHNOLOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

_ RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ X£ _ 

LIFE 

CYCIE 

COST, 

DISCOUNTED 

AS  SPENT 

_ k3 _ 

BENEFIT/ 

COST 

_ RATIO _ 

Natural  (aa  boilar 

13.889 

<*"  Exiatins  ayatam,  primary  fual 

#2  Oil  firad  boilar 

" 

— 

17,761 

— 

— 

_  .0 

Micronixad  coal  r'^-flt 

1 

13,217 

16,727 

.050 

>31 

18,613 

.854 

Slatgins  bumar  rafit 

1 

13,217 

16,288 

.669 

>31 

21,130 

.752 

Modular  FBC  rafit 

1 

13,384 

18,440 

.661 

>31 

21,620 

.735 

Stokar  firing  rafit 

1 

14,060 

20,707 

.767 

>31 

23,461 

.677 

Coal/Matar  alurry 

1 

14,098 

19,008 

.836 

>31 

20,838 

.763 

Coal/oil  alurry 

Hot 

avaluatad 

Lom  Btu  aatifiar  rafit 

1 

15.808 

.718 

>31 

.631 

Packasad  ahall  atokar 

1 

14,069 

21,130 

.752 

>31 

24,146 

.658 

Packasad  ahall  FBC 

1 

13,013 

18,197 

.873 

>31 

21,077 

.754 

Fiald  aractad  atokar 

1 

13,347 

23,076 

.688 

>31 

27,363 

.576 

Fiald  aractad  FBC 

1 

13,217 

20,348 

.781 

>31 

24,437 

.650 

Pulvarixad  coal  boilar 

1 

13,217 

23,630 

.667 

>31 

28,837 

.551 

Clreulatlnx  FBC 

1 

13.054 

21.172 

.750 

>31 

25.930 

.613 

11:47  AH  Oct  20.  1988 
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SCOTT  AFB:  mac 


1.  BACKGROUND 

ScotC  APB  is  LocaCed  near  BcUcvlLle,  Illinois.  There  are  four 
oceam  plants  on  this  base,  but  only  the  major  one  is  of  any 
interest.  The  capacity  of  this  plant  is  about  250  HBtu/h  (the 
others  arc  about  20,  31,  and  lA  HlKu/h)  and  is  composed  of  four  Erie 
City  Iron  Works  boilers.  The  boilers  in  the  main  steam  plant  burned 
coal  previously  but  were  converted  to  No.  6  oil.  Currently,  the 
main  plant  burns  natural  gas,  and  the  yearly  average  fuel  use  is 
roughly  AO  HBtu/h. 

2.  HEATING  PLANT  UNITS 

Heating  Plant  No.  A5; 

83  HBtu/h,  Eric  Gity  Iron  Works,  1955 
AO  HBtu/h,  Erie  City  Iron  Works,  1952 
8A  and  A5  HBtu/h,  Erie  City  Iron  Works,  1939 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  maximum  possible  capacity  factors  listed  below  were  calculated 
from  monthly  fuel-use  data  for  plant  No.  A5. 


CY  1985 

FY  1986 

Fuel 

ideal 

ideal 

input 

capacity 

capacity 

(HBtu/h) 

factor 

factor 

30 

0.90 

0.87 

AO 

0.79 

0.77 

50 

0.70 

0.69 

60 

0.63 

0.63 

70 

0.56 

0.57 

80 

0.50 

0.52 

90 

O.AA 

0.A6 

A.  ENERGY  PRICES 

• 

FY  1986 

Price 

Data'. 

Average 

Year  end 

•i 

Electricity 

A. 

Ic/kWh 

A. 90 /kWh 

Residual 

oil 

§5.28/HBtu 

Same 

Distillate  oil  $5.90/HBtu 

Same 

Natural 

gas 

$3.6A/HBtu 

$3.80/HBtu 
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COAL  PROPERTIES  AND  PRICES 

Stoker 

Run  of  Mine 

Origin 

Belleville,  111. 

Belleville,  III 

HHV,  Btu/lb 

10,888 

1Q,J09 

Ash,  t 

10.70 

11. IF 

Sulfur,  % 

3.7A 

3.70 

Nitrogen,  X 

Ash-softening  temperature,  “ 

F 

Swelling  index 

Top  size,  in. 

1 

1.5  X  0 

Bottom  size,  in. 

28  mesh 

Fines,  X 

9-12 

25 

Grindability  index 

Cost  at  mine,  $/ton 

23.50 

22.00 

Delivered  cost,  $/ton 

27.50 

26.00 

Energy  cost,  $/MBtu 

1.26 

1.24 

ENVIRONMENTAL  REGULATIONS 

6.1  Air  Pollution  Emission 

Limits  for  New  Sources 

SO^;  The  Illinois  emission  limit:  for  sulfur  dioxide  is 
1.8  Ib/HBcu  in  nny  1-h  period. 


NOx?  The  SCace  does  not  have  limits  on  nitrogen  oxide  emis¬ 
sions  for  fuel-burning  sources  of  this  size  (<250  HBtu/h).  « 

Particulates.  Scott  AFB  is  located  in  a  nonattainment  area  for 
particulates.  The  State  of  Illinois  particulate  limit  appli¬ 
cable  to  a  plant  boiler  converted  to  coal  firing  is  0.1  Ib/MBtu 
actual  heat  input.  Nonattainment  regulations  require  the  base 
to  operate  the  boiler  at  the  lowest  achievable  emission  rate 
(LAER).  The  operator  must  demonstrate  that  the  control  equip¬ 
ment  and  process  measures  will  produce  the  LAER.  Emission  off¬ 
sets  are  also  applicable;  however,  in  cases  where  no  practical 
offsets  are  found,  certain  exemptions  may  be  obtainable. 

The  opacity  limits  for  new  fuel-combustion  sources  of  this  size 
(<250  MBtu/hr)  is  S30Z  with  the  exception  that  the  opacity  may 
range  between  30  and  602  for  a  period  or  periods  aggregating 
8  min  in  a  60-miri  period. 

6.2  Coal-Pile  Runoff 

The  State  of  Illinois  requires  that  »al  storage  yards  obtain  a 
National  Pollutant  Discharge  Elimination  System  (NPDES)  permit 
if  coal-pile  runoff  is  discharged  into  waters  of  th^  State. 

During  the  permit  application  review,  the  State  Agency  deter¬ 
mines  if  a  facility  will  cause  or  threaten  to  cause  water 
pollution  by  its  location,  geology,  operation,  and  abandonment 
plan. 


The  State  of  Illinois  utilizes  EPA  federal  regulation  for  coal** 
pile  runoff.  The  regulations  state  the  the  pU  of  all  dis** 
charges,  except  once-through  cooling  water,  shall  be  within  the 
range  of  6.0  to  9.0.  The  effluent  limitation  for  the  point 
source  discharges  of  coal*-nile  runoff  is  SO  mg/L  total  sus¬ 
pended  solids. 

6.3  Ash  Disposal 

Coal  ash  is  classified  as  a  special  waste  by  the  State  of 
Illinois  and  requires  a  special  permit  for  handling.  A  permit 
for  special  waste  handling  must  be  obtained  by  existing 
disposal  sites  that  accept  the  ash  or,  for  new  disposal  sites, 
an  operating  permit  must  be  issued. 

OTHER  CONSIDERATIONS 

None 

COAL-CONVERSION  PROJECT  OUTLOOK 

A  conversion  project  would  probably  involve  conversion  of  one 
40-Btu/h  output  (  50-HBtu/h  fuel  input)  boiler.  A  realistic  overall 
capacity  factor  for  a  40-HBtu/h  coal-burning  unit  would  be  about 
63Z,  assuming  90%  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,.  Sulfur  dioxide  removal  will  be  required  for  all  combus¬ 
tion  technologies  because  of  the  high-sulfur  (3.7%)  coal. 

NO^t.  No  special  nitrogen  oxide  controls  will  be  required  for 
any  of  the  combustion  technologies. 

Particulates.  Bag  filters  or  electrostatic  precipitators  will 
be  required. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boilers  were  originally  designed 
for  coal,  but  there  is  no  information  about  availability  of 
space  for  reinstalling  coal-combustion  equipment. 

Coal-Handling  Equipment.  There  is  not  enough  room  for  install¬ 
ing  dry  coal-handling  equipment  at  the  existing  site,  but  there 
is  space  for  coal-wacer-mixture  equipment. 

Coal  Pile.  There  is  no  space  available  for  a  coal  pile  at  the 
existing  plant,  but  there  is  space  at  another  site  on  base  for 
a  coal  pile  and  a  new  coal-fired  boiler. 
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8.3  Technical  Risk  of  Combustion  TeehnoloRxes 

The  existing  boilers  were  designed  for  coal,  but  the  technical 
risk,  of  burning  a  coal**water  mixture  would  be  moderate  because 
of  the  need  for  SOj  removal.  The  least  technical  risk  would  be 
for  a  new  stoker  or  FBC  boiler. 

9.  COGENERATION  PROJECT  OUTLOOK 

The  prospects  for  coal-fired  cogeneration  systems  appear  to  be  poor 
because  of  the  low  cost  of  electricity  (4.1c/kWh  in  FY  1986;  how¬ 
ever,  by  the  year's  end,  about  4.9c/kWh).  The  monthly  minimum 
average  electric  demand  was  2453  MWh  in  April.  A  3.4*’HW  electric 
cogeneration  plant  would  produce  10.2  HW(t)  and  require  a  12.75-HW 
boiler  because  of  the  80Z  boiler  efficiency.  The  plant  would  gener¬ 
ate  22,560  HBtu(t)  each  month  based  on  a  902  plant  availability. 
The  overall  thermal  energy  capacity  factor  for  a  year  would  be 
fairly  high  (61X). 
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10.  XKPUT  AKD  LCC  SUtt'JAl  SmAOSHEETS 


■  1  MIIIIW  . . .  iliilMlli 

TotiL  ittM)  output  •*  AO.O 

KBtu/he 

Bolltr  eipielty  £ietot  ••  .626 

Husbit  o£  unit*  £or  r*£lt  »  1 

hydritid  11«*  prlc*($/ton)  »  40.00 

COAL  FROrCXTIES 

Aih  dlipoiil  prle*  (8/ton)  •*  10.00 

Eltctrle  prle*  <e*nti/kVlh)  >  4.80 

Ath  Friction  ••  .112 

.107 

Libor  tit*  (kS/yt)  **  3S.00 

Sul£uc  Frietlon  ••  .037 

.037 

Llatiton*  prle*  (S/ton)  **  20.00 

KHV  (Btu/lb)  -  10310. 

10880. 

rJEL  FUCXS 

FUEL  PRICES 

Kituril  gii  prle*  <8/KBtu)  ••  3.80 

R.O.H.  coil  <3/KStu)  »  1.24 

4Z  Oil  prle*  <8/KBtu)  ••  .00 

Stokir  coil  <3/KBtu)  ••  1.26 

#6  011  prle*  <8/HBtu}  -  3.67 

Coil/BXO  mix  <8/K8tu)  -  3.00 

omom 

Coil/oll  mix  (S/KBtu)  ••  3.30 

Soot  blowtr  multlplUr  •  .0 

Tub*  bink  mod  multlpllir  •*  .0 

Pxlaicy  £u*l  1*  3 

Bottom  lih  pit  aultlplltt  **1.0 

HAIURAL  GAS 

S02  eontrol  aultlpllir  **  1.0 

W6  Oil,  2-42  Oil,  S'-KG 

LSCSTOn/LlMI 

Inert  £rietlon  •  .05 

ECOMCKIC  tJM/mjtMS 

InElatlon  fc  dlteountini  bii*  y«tr  ••  1B88 
G*n  InEli  Indtx  (1887  to  bti*  yt)  ••  1.040 

Gt*  IntU  lnd«x  (1S8B  to  bit*  yc)  ••  1.000 

Oil  InEli  indtx  <1888  to  bti*  yr)  ••  1.000 

Coil  Infli  lni*x  <1888  to  bit*  yr)  •  1.000 

Projtct  itirt  y*ir  "  1880 
Frojict  li£*  (yx)  -  30 
D*pt*cUtlon  11£*  <yr}  **  IS 
Gtniril  InElitlon  tit*  (X/yr)  *■  0 

Typ*  o£  gii  tieilition  *■  *(is 
Typ*  o£  oil  (icilition  ••  *011 
Typ*  o£  coil  ticilitlon  *■  tcoil 
Dlicount  lit*  <X/yc)  ■>  10 
Rit*  o£  xitutn  on  Inviit  <X/yr)  17 
Aa:  )nt  o£  working  cipltil  (month)  *•  2 
Fidtcil  incoo*  tix  tit*  (X)  34 

Loeil  prop  tix  <&  Iniur)  rit*  (X)  ••  2 


FUEL 

TYPE  OF  FUEL 

ESCAUTIOH 

1888 

-1890 

1890 

-1995 

1883 

-2000 

2000  AKD 

BEYOND 

Gia 

tgai 

3.89 

8.87 

5.77 

5.77 

Oil 

toil 

4.86 

7.87 

4.16 

4.16 

Coil 

ICOll 

1.16 

2.31 

1.19 

1.19 

3:12  FM 


Oet  24,  1908 


Total  itaaa  output  ••  AO.O  KBtu/hr  Coat  baaa  yaar  **  IS88 

Bollar  capacity  factor  ••  .628  Primacy  fual  *■  KATVRAL  CAS 

Kuabar  of  unlta  for  raflt  ••  I 


AjiWAL  C<?STS 


# 

FUEl/ 

FUEL 

TOTAl 

MAIKT 

OTHER 

OF 

STEA.S 

PRICE 

CAFITAI 

FUEL 

0  A  H 

0  A  H 

b  4  A  t  Ki  4  1 1  ft  t*i 

RIPI51 

kS 

kS 

kS 

.  k8_ 

Hatural  gaa  bollar 

— 

OB 

.0 

1041.0 

146.3 

443.0 

*2  011  flrad  bollar 

-> 

IB 

.0 

.0 

.0 

.0 

.0 

Rim 

445.0 

Klcronlxad  coal  raflt 

1 

.800 

1.34 

2770.1 

340.0 

330.8 

763.6 

Slaitlnt  bumar  raflt 

1 

.800 

1.24 

4438.7 

340.0 

330.8 

763.6 

Modul''r  FfiC  raflt 

1 

.700 

1.24 

4003.3 

344.3 

732.8 

Stokar  firing  raflt 

1 

.740 

1.28 

3036.8 

373.5 

408.3 

604.7 

Coal/watac  aluccy 

1 

,7S0 

3.00 

2345.7 

877.4 

323.4 

088.7 

Coal/oll  slurry 

1 

.780 

3.30 

2166.3 

084.3 

237.3 

362.1 

] 

.859 

1.28 

4448.1 

410.7 

208.3 

817.5 

Fackagad  shall  stokar 

1 

.740 

1.26 

4403.3 

373.3 

408.3 

604.7 

Fackagad  shall  FBC 

1 

.760 

1.24 

4437.1 

337.0 

323.4 

730.2 

Flald  araetad  stokar 

1 

.780 

1.26 

6636.2 

334.3 

406.3 

683.6 

Flald  araetad  FBC 

1 

.800 

1.24 

8321,2 

340.0 

373.6 

730.8 

Fulvarlsad  coal  bollar 

1 

.800 

1.24 

7777.0 

340.0 

334.6 

727.0 

_L_ 

_L2* 

7407.7 

MUL 

^lR,EgRf?S..,fR9Jr?T _ fRIYATC.gfljSct 


TECHSOtWV 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO. 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ YI _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIQ _ 

natural  gas  bollar 

— 

23,070 

1.000 

<*—  Existing  systam,  primary  fuel 

#2  011  flrad  bollar 

— 

— 

0 

— 

.«> 

— 

.. 

Hlcronlxtd  coal  raflt 

Not  appllcsbla  bacausa  of  spacs  limitations 

Slagging  bumar  raflt 

Not  applicable  bacausa  of  space  limitations 

Modular  FBC  raflt 

Not  applicable  because  of  space  limitations 

Stokar  firing  raflt 

Not  appllcsbla  bacause  of  spaee  limitations 

Coal/watar  slurry 

1 

13,614 

18,338 

1.243 

14.6 

20,323 

1.135 

Coal/oll  slurry 

Not  evaluated 

Hot  aonlicable  bseausa  of  soaca  lltnltations 

Fackagad  shall  stokar 

1 

13,610 

17,000 

1.357 

12.6 

19,626 

1.178 

Fackagad  shall  FBC 

1 

13,731 

13,661 

1.473 

10.6 

18,264 

1.263 

Flald  araetad  stokar 

1 

12,912 

18,744 

1.231 

17.5 

22,611 

1.020 

Flald  araetad  FBC 

1 

13,044 

17,433 

1.322 

14.7 

21,023 

1.097 

Fulvarlsad  coal  bollar 

1 

13,044 

20,227 

1.141 

21.4 

24,585 

.938 

Clrculatlns  FBC 

1 

12.883 

17.856 

1.292 

15.9 

21.668 

1.050 

3:12  m  Oct  24,  1988 
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SCm  ATB;  I  X  *0  MBtu/hr.  mt.  Rg«.  ESCALftTIQH  »<  A»  »97 


Total  at**a  output  ••  40.0 

HBtu/hr 

Boilar  capacity  factor  ••  .628 

Nueditr  o£  unlta  £or  r*£it  ••  1 

Bydrattd  lie*  prlc*(S/ton)  ••  40.00 

COAL  nomTics 

Aah  dispoaal  pric*  (8/ton)  ••  10.09 

R.m., 

Stektr 

Eltetrlc  pric*  (canta/kWh)  <•  4.00 

Ath  fraction 

"  .112 

.107 

Labor  rat*  (kS/yr)  33.00 

Sulfur  fractior 

»  .037 

.037 

Limtaton*  pric*  (S/ton)  «  20.00 

88V  (Btu/lb) 

"  10310. 

10830. 

FUEL  nuczs 

run.  nucEs 

Mttural  gaa  pric*  (3/K3tu)  «  3,80 

K.O.H.  coal  (S/K8tu) 

•*  1.24 

#2  Oil  pric*  (S/KBto)  .00 

Stokar  coal  (8/KBtu) 

-  1,26 

46  Oil  pric*  (S/K3tu)  <•  3.67 

Coal/H20  taix  (S/KStu) 

-  3.00 

OFTIOKS 

Coal/oil  nix  (S/KBtu) 

«  3.30 

Soot  blowtr  faultiplior  «  .0 

Tub*  b*nk-e)»d  cailtipli*r  ••  .0 

Pciaary  fu*t  ia  3 

Bottoa  ath  pit  tailtipliar  ••  1.0 

KATURAL  CAS 

S02  control  laultlpllar  ••  1.0 

W6  Oil,  2-f2  Oil,  3-80 

LIWSTOmC/LDC 

In«ct  fraction  ••  .03 

ZCOHCHIC  FAXAHETDIS 

InfUtlon  &  dUeountlni  b«ii  y««r  ••  1088 
C«n  ln£l*  iridtx  (1987  to  b«»*  yt)  ••  1.040 
C««  ln£U  (1988  to  btst  yc)  "  1.000 

OIL  ln£L«  lnd«x  (1988  to  b«a(  yc)  1.000 
Ca*L  InCU  lnd*x  (1068  to  bat*  yt>  ••  1.000 
Frojtet  ttatt  y*ic  ••  1900 
Piojaet  11£*  (yr)  **  30 
0«pr*eUtlon  ll£*  (yr)  ••  13 
G*n*r«L  Inflation  rat*  (Z/yr)  «  0 

Typ*  o£  t**  •aealatlon  «  cs*a 
Typ*  lit  oil  vacalatlon  ••  *oll 
Typ*  o£  coal  aacalatlon  *eoal 
Ulaeount  rat*  (Z/yr)  >  10 
Rat*  o£  r«tum  on  Invtat  (Z/yr)  »  17 
Aiaount  o£  working  capital  (oonth)  ••  2 
F*d*ral  ineoe*  tax  rat*  (Z)  •>  34 
Local  prop  tax  (&  Inaur)  rat*  (Z)  >  2 


RFAL  eSCALATIOW  RATE  (Z/vr) 

TYPE  OF  FUEL  1988  1090  1093  2000  AKO 


FUEL 

EECALaTIOM 

■srnai 

Cat 

agaa 

2.26 

4.70 

3.49 

2.73 

Oil 

toll 

.17 

4.16 

3.33 

2  77 

Coal 

acoal 

1.46 

1.76 

1.61 

.81 

3:18  PM 


Oct  24.  1988 
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8COTT  An>;  1  t  «0_»gtayhr^.im  !<iaL_BCALuTig»_r_ 

Total  ataan  output  *  <0.0  KStu/hr  Coat  baaa  yaac  ••  1081 

Dollar  capacity  factor  <*  .620  frlsary  fual  ••  KATURAL  CAS 

Muejbar  of  units  for  raflt  ••  I 


A»«WAL  COSTS 


* 

FUEL/ 

FUEL 

TOTAL 

MAX.'rt 

OTKEH 

OF 

STCAH 

FRICE 

78FITAL 

FUEL 

0  A  H 

0  A  H 

_k3 

k3 

kS 

VS 

Ratural  gaa  hollar 

— 

.800 

3.80 

.0 

1081.0 

186.3 

883.0 

#2  011  flrad  hollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

.... 

3.67 

.0 

■uim 

♦85.0 

Hlcronlxad  coal  raflt 

1 

.800 

,1.28 

2778.1 

380.0 

338.6 

763.6 

Slai(ln(  humar  raflt 

1 

.800 

1.28 

8838.7 

380.0 

338.8 

765.6 

Hodular  F8C  raflt 

1 

.780 

1.28 

8983.3 

388.3 

323.8 

732.8 

Stokar  firing  raflt 

1 

.780 

1.26 

3838.8 

373.3 

888.3 

688.7 

Coal/watar  slurry 

1 

.730 

3.00 

2383.7 

877.8 

323.8 

688.7 

Coal/oll  flurry 

1 

.780 

3.30 

2166.3 

888.3 

237.3 

382.1 

] 

RMS 

1.26 

***8.1 

810.7 

298.3 

J'17.9 

Faekacad  shall  ttokar 

1 

.7*0 

1.26 

8803.3 

373.3 

808.3 

CB8.7 

Fackatad  shall  F2C 

1 

.760 

1.28 

8837.1 

337.8 

739.2 

Flald  sractad  stokar 

1 

.760 

1.26 

6836.2 

338.3 

886.3 

683.8 

Flald  craetad  FBC 

1 

.800 

1.28 

6321.2 

380.0 

373.6 

730.8 

Fulvarlzad  coal  hollar 

1 

.800 

1.28 

7777.8 

380.0 

338.6 

727.0 

_J _ 

,  1.?*  - 

73*.  8 

KBgLrRgmr _ tEiyASL-raagOL 


TECKNOUXJY 

#  OF 

UNITS 

COAL 

USE. 

ton/vr 

LIFE 

CTCU 

COST, 

DISCCUNTEO 

AS  SPENT 

M 

BENEFIT/ 

COST 

.  RATIO 

DISCOUNTEO 

PAYBACK 

FERIOP, 

_ XT _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

_ _ 

BENEFIT/ 

COST 

Natural  sas  hollar 

— 

17,738 

1.000 

<'■'  Existing  syataa,  prlaary  fual 

#2  011  flrad  hollar 

— 

— 

0 

— 

— 

— 

aa. 

Ml'.,<«nlzad  coal  raflt 

Not  appllcabla  baeausa  of  spaca  llsiltatlons 

Slatilnt  humar  raflt 

Not  appllcabla  hacausa  of  spaca  lialtatlons 

Modular  FBC  raflt 

Not  appllcabla  hacausa  of  spaca  llaltatxons 

Stokar  firing  raflt 

Not  appllcabla  hacausa  of  spaca  lialtatlons 

Coal/watar  slurry 

1 

13.818 

16,818 

.866 

>31 

20,178 

.882 

Coal/oll  slurry 

Not  ava^ustad 

Low  Btu  zaslflar  raflt 

Not 

aoDllcabla 

Fackagad  shall  stokar 

1 

13,610 

16,881 

MBM 

■rail 

Fackagad  shall  FBC 

1 

13,731 

13,508 

MR  fl 

Flald  sractad  stokar 

1 

12,012 

18,667 

>31 

Flald  aractad  FBC 

1 

13,088 

17,389 

26.9 

Fulvarlzad  coal  hollar 

1 

13,088 

20,173 

>31 

Cireulatlnz  FBC 

1 

12.883 

17.60* 

IkHw  HH 

>31 

HhiSHI 

3:18  FM  Oct  21,  1888 
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SCOTT  AFB!  T  t  40  WItv/hr.  rvn.  "  US 

Total  at«**i  otitput  ••  40.0 
toiler  capacity  factor  **  .826 
Nuatier  of  units  for  r«fit  ■*  I 

lv..u/hr 

Rydrated  lin*  prle*(S/ton)  ••  40.00 

CZ3AL  nuraxiEs 

inti  disposal  price  (3/ton)  ■*  10.00 

K.P.H.  Sislisx 

CUetric  price  (c*nt*/kWh)  «  4.90 

Ash  fraction  “  .112  .107 

% 

Labor  rat*  (kS/yr)  •  35.00 

Sulfur  fraction  «•  .037  .037 

Liaeston*  prlc*  (S/ton)  ••  20.00 

HKV  (Btu/lb)  «  lOSlO.  10890. 

nxL  nuexs 

FUEL  mCES 

Natural  (as  price  (3/)Stu}  *■  3.80 

R.O.H  coal  (3/KStu)  «  1.24 

#2  OIL  price  (S/MStu)  -  .00 

Stoker  coal  (S/K8tu)  ••  1.26 

#8  Oil  pric*  (3/KBtu)  •*  3.67 

Co*l/H20  Nix  (S/KStu)  3.00 

orriOMS 

Soot  bl0M«r  satltlplier  **  .0 

Coal/oil  Mix  (3/ratu)  -  3. SO 

Tub*  bank  «od  Multiplier  .0 

FtiMary  fuel  la  3 

tottoM  ash  pit  Multiplier  <*1.0 

natural  CAS 

S02  control  Multiplier  ”  I.O 
LlMtSTOtoe/LlMI 

Inert  fraction  **  .OS 

KQMOKIC  FAKAHCmS 

1-F6  Oil.  2»#2  Oil,  3-MO 

Inflation  &  dlacountin(  base  year 

-  1968 

•» 

Gen  Infla  index  (J987  to  baa*  yr) 

-  1.040 

Css  inf la  index  (1968  to  base  yr) 

-  1.000 

Oil  inf la  index  (1888  to  bat*  yr) 

-  1.000 

Coal  Infla  index  (1988  to  base  yr) 

-  1.000 

% 

Project  start  year 

-  1990 

Ftojaet.  Xlf«  (yr)  ••  30 
0«pr«clatlon  Ilf*  (yr)  ••  IS 
Central  Inflation  rat*  (Z/yr)  0 


Typ*  of  eaa  otealatlor.  ••  x*ro 
Typ*  of  oil  oaealation  •*  x*ro 
Typ*  of  coal  axcalation  ■*  xero 
Oixeoveit  rat*  (Z/yr)  ••  10 
Xat*  of  c*tum  on  invest  (Z/yr)  17 
Aaiount  of  workint  capital  (Mnth)  *■  2 
Federal  Incoo*  tai;  rat*  (Z)  •  31 
Local  prop  tax  (&  Insur)  cat*  (Z)  ••  2 


REAL  ESCAUTIOrf  RATE  (Z^yr) 


FUEL 

ttfe  of  fuel 

ESCALATION 

1988 

-1990 

1990 

-1995 

1995 

-2000 

2000  AND 

SEYONO 

Gas 

ZICO 

0 

0 

0 

0 

Oil 

zero 

0 

0 

0 

0 

Coal 

zero 

0 

0 

0 

0 

3:24  IM 


Oct  24,  1908 


■JIT  ^fn:  I  «  «u  rgn-ufr.r.  fUK 


Total  ataam  output  ••  10.0  KStu/hr 
Bollar  capacity  factor  <•  .826 
Huesbac  of  unlta  for  rafit  ••  I 


Coat  bata  yaar  ••  1988 

Fcinacy  fual  ••  NATUXAJL  GAS 


AMNUAL  COSTS 


# 

or 

TgqisotQgY _ mis 

FUEL/ 

STEAM 

EFF 

FUEL 

TRICE 

■  S/KBtu 

TOTAL 

CAFITAL 

bS 

FUEL 

b$ 

MAXNT 

0  fc  M 

bS 

OTHER 

0  R  H 

bS 

Katural  (at  boilac 

— 

3.80 

.0 

1011.9 

116.3 

113.0 

12  Oil  ficad  boilar 

“ 

.00 

.0 

.0 

.0 

.0 

B9 

3.87. 

.0 

RlKHI 

115.0 

Hicronixad  coal  rafit 

1 

.800 

1.21 

2779.1 

310.0 

339.8 

763.6 

SU||ln(  bumar  rafit 

1 

.800 

1.21 

1138.7 

310.0 

330.8 

763.6 

Modular  FBC  rafit 

1 

.700 

1.21 

1993.3 

311.3 

323.1 

732.6 

Stobar  firin(  rafit 

1 

.710 

1.26 

3938.8 

373.3 

198.3 

601.7 

Coal/watar  alurry 

1 

.730 

3.00 

2313.7 

877.1 

323.1 

686.7 

Coal/oil  a.lurry 

1 

.780 

3.30 

2168.3 

081.3 

237.3 

362.1 

.839 

1,28 

1118.1 

119.7 

298.3 

817.5 

Faebatad  thall  ttobar 

1 

.710 

1.28 

1103.3 

373.3 

108.3 

601.7 

Facbatad  thall  FBC 

1 

.760 

1.21 

1137.1 

337.0 

323.1 

730.2 

Fiald  araetad  ttobar 

1 

.780 

1.26 

8836.2 

331.3 

106.3 

683.6 

Fiald  araetad  FBC 

1 

.600 

1.21 

6321.2 

310  0 

373.6 

730.6 

Fulvarixad  coal  bollar 

1 

.800 

1.21 

7777.0 

310.0 

331.6 

727.0 

_L. 

.810 

7407.7 

,???.? 

KHKai 

731.8 

AIR  FORCE  raOJECT _ ERmiJS-BPagI 


TECHHOLOGY 

*  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

bS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FAYBACK 

PERIOD, 

_ YE _ _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIQ_ 

HtturaL  gat  boilar 

— 

12,893 

1.000 

< —  Exltting  tyttan,  printry  fuol 

tZ  OIL  firad  boilar 

— 

— 

0 

— 

d6  Oil  firad  bollar 

•  « 

a... 

.... 

Hicronixad  coal  rafit 

Not  appllctbla  bactuta  of  tpaca  llnitationt 

Sla||in(  bumar  rafit 

Not  appllcabla  bacauta  of  tpaca  llnitationt 

Modular  FBC  rafit 

Not  appllctbla  bacauta  of  tpaca  llnitationt 

Stobar  firing  rafit 

Not  appllctbla  bacauta  of  tpaca  llnitationt 

Coal/watar  tlurry 

1 

13,911 

17,197 

.750 

>31 

18,923 

.681 

Coal/oil  tlurry 

Not 

avaluatad 

Low  Btu  anslflar  rafit 

Nob 

tDolleabla 

bacauta  of  inaea  limlbablont 

Facbagad  thall  ttobar 

1 

13,610 

16,121 

.785 

>31 

19,030 

.678 

Facbagad  thall  FBC 

1 

13,731 

13,103 

.631 

>31 

17,693 

.729 

Fiald  araetad  ttobar 

1 

12,912 

16,191 

.709 

>31 

22,613 

.363 

Fiald  araetad  FBC 

1 

13,011 

16,923 

.762 

>31 

20,181 

.630 

PulvarTxed  coal  boilar 

1 

13,011 

19,700 

.631 

>31 

21,013 

.336 

Clreulatlna  FBC 

1 

12.863 

17.337 

.741 

>31 

21.433 

.602 

■185 


CRAMD  FORKS  AFB:  SAC 


1.  BACKGROUND 

Grand  Forks  AFB  is  Located  near  Grand  Forks,  North  Dakota.  The 
central  steam  plant  is  the  only  one  o£  interest  to  this  study. 
Theie  are  £ive  boilers  si%ed  at  3  k  25  HBtu/h  and  2  x  A2  HBtu/h. 
Hot  water  1$  produced  at  395*F.  AIL  boilers  in  this  steam  plant 
were  designed  cor  stoker  coal-£iring  but  were  later  converted  to 
burn  No.  6  oil. 

Currently  an  electric  boiler  system  is  supplying  steam  by  a  special 
agreement  with  the  local  utility.  Apparently,  the  utility  will 
supply  electricity  for  steam  generation  at  a  very  reduced  price 
($0.0215/kWh).  Because  Tim  Fry  says  this  may  not  last  much  longer, 
the  LCC  analysis  was  performed  assuming  that  No.  6  oil  is  the  pri** 
mary  fuel. 

The  yearly  average  electric  use  is  roughly  A5  HBtu/h.  Boiler  effi¬ 
ciency  is  reported  to  be  about  65-76Z.  No  coal  equipment  is  left. 

2.  HEATING  PLANT  UNITS 
Heating  Plant  No.  A23; 

2  X  25  HBtu/h,  Combustion  Engineering,  1956 
25  and  A2  HBtu/h,  International  Boiler  Works,  1958 
A2  HBtu/h,  International  Boiler  Works,  196A 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
electric-use  data  for  plant  No.  A23. 


Electric 

input 

(HBtu/h) 

FY  1985 
ideal 
capacity 
factor 

FY  1986 
ideal 
capacity 
factor 

AO 

0.81 

0.82 

50 

0.7A 

0.76 

60 

0.68 

0.70 

70 

0.63 

0.6A 

90 

0.51 

0.53 

A.  ENERGY  PRICES 

FY  1986  Price  Data; 

Electricity  =  A.2e/kWh  (regular  price) 
Distillate  =  $5.Al/HBtu 
Natural  gas  =  $3.6A/HBCu 
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C.  H.  Guerngey  and  Co.  Survey; 

ELeccricicy  °  2.15c/kWh  ($6.3/HBl:u,  special  price  for  aceam 
generacion) 

DiscilUue  =  $6.07/HBcu  ($0. 91/gal) 

5.  COAL  PROPERTIES  AND  PRICES 


Stoker 

ROM 

Origin 

Horhland,  Utah 

Horhland 

HUV,  Btu/lb 

12,300 

12,200 

X  Ash 

8 

8 

X  Sulfur 

1 

1 

X  Nitrogen 

1.2 

1.2 

Ash-softening  temperature,  *F 

2300 

2300 

Swelling  index 

1 

1 

Top  size,  li'.. 

1  1/4 

1  1/2 

Bottom  size,  in. 

1/4 

0 

Fines,  Z 

10 

45 

Grindability  index 

41 

41 

Cost  at  mine,  $/ton 

32 

22 

Delivered  cost,  $/ton 

46 

36 

Energy  cost,  $/10®  Btu 

1.87 

1.48 

6.  ENVIRONMENTAL  REGULATIONS 

6.1  Air  Pollucion  Emission  Limits  for  New  Sources 
SO;.  For  boilers  >30  and  <100  HBtu/h:  3  Ib/MBCu. 

NO^.  For  boilers  >30  and  <100  KScu/h:  No  emission  limit:. 

Particulates.  For  boilers  >30  and  <100  MBtu/h; 

E  =  0.811  (MBtu/h)o.>3l. 

For  42  HBtv\/h:  0.5  Ib/HBtu. 

6.2  Coal’-j*ile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L. 

6.3  Ash  Disposal 

Ashes  are  classified  as  nonhazardous  industrial  solid  waste  and 
may  be  disposed  of  in  any  approved  sanitary  landfill. 

7.  OTHER  CONSIDERATIONS 


This  base  is  located  near  sources  of  lignite.  The  low-cost  elec¬ 
tricity  scheme  for  the  electric  system  boiler  may  stop  in  the  near 
future. 


COAL-CONVfiRSION  PROJECT  OUTLOOK 


A  refit /replacement  project  for  one  of  the  A2-HBtu/h  output  (equiva¬ 
lent  to  A3  HBtu/h  electric  input)  boiler*  may  be  economically 
attractive.  An  overall  capacity  factor  near  72Z  i*  expected,  assum¬ 
ing  a  90Z  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,  and  KO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for 
or  SOj  reduction  since  the  proposed  conversion  project  is 
smaller  than  100  HBtu/h  and  the  coal  has  a  low  sulfur  content. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  coal.  There  is  space  available  for  reinstalling 
coal-combustion  equipment  at  the  existing  boiler  or  for  con¬ 
struction  of  a  new  boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  install¬ 
ing  coal-handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  apace  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8.3  Teclmical  Risk  of  Combustion  Technologies 

The  least  technical  risk  would  be  for  refit  of  stoker  firing  to 
the  existing  boiler,  since  it  was  originally  designed  for  this, 
or  installation  of  a  new  stoker-fired  boiler.  The  other  tech¬ 
nologies  would  have  greater  technical  risks  because  of  lack  of 
operating  experience,  and  all  of  them  would  be  of  the  same 
order  since  the  existing  boiler  is  designed  for  coal  firing. 

COGENERATION  PROJECT  OUTLOOK 

Cogeneration  would  not  be  economical  at  this  base  because  of  the 
very  low  electric  power  rates. 
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10.  INFUT  AMO  LCC  StMMXY  SIRtADSKZm 


urntnasuii  i »  «  MWhr  h  »iui.  E?amc.iai»w  ■  WHnut 


Total  •taw  outpuL  ••  A2.0 
lollar  capacity  {aeto:  •  ,71S 
Nuabar  of  unlta  Toe  zatlt  •>  1 
Cydrat>4  11m  prlea(3/ton)  "  1C. 00 
Aah  dlapoial.  prlca  (</ton)  ••  10. CO 
Xlactzle  pclca  (canta/kWh)  ••  1.20 
Labor  rata  (kO/yr)  •  33.00 
LisMabona  prlca  <9/ton)  *  20.00 

rotL  IRlcn 

Hatural  gat  prlea  (3/Kltu)  ••  .00 
#2  011  prlea  (9/KBtu)  ••  .00 
#«  Oil  prlea  (d/HItu)  «  3.07 
omoRs 

Soot  bLo«ar  aultlpllar  *•  ,0 
Tuba  bank  »od  «ultlpllar  •*  .0 
Bottoai  aah  pit  aultlpllar  **  1.0 
S02  control  awltlpllar  *<  .0 
LTWSTOn/LlK 

Inert  Tractleri  t-  .03 


mtu/br 


COAL  nomiin 

K.O.M. 

Aah  fraction  ••  .010 
Sulfur  fraction  *■  .010 
BXV  (Itu/lb)  -  12200. 

rusL  n,xcts 

X.O.H.  coal  (S/HStu)  •  I.IS 
Stokar  coal  (SiKBtu)  ••  1.97 
Ccal/H20  alx  (S/HBtu)  -  3.00 
Coal/oll  alx  (9/Mltu)  -  3.30 

XrlaHUT  faal  la  1 

#«  ruu.  OIL 

l-#<  Oil,  2-d2  Oil,  3HIC 


xooNoKic  r/JUMrms 

Inflation  A  dlaeountlng  baa#  year  *  1919 
Can  Infla  Index  (1997  to  baaa  yr>  «  1.040 

Cat  Infla  Index  (1969  to  baaa  ye)  1.000 

Oil  Infla  Index  (1999  to  baaa  yr)  *  1,000 

Coal  Infla  Index  (lOCO  to  baaa  yr)  ••  1.000 

Project  atart  year  <•  1990 
Project  life  (yr)  30 
Dapraclatlon  life  (yr)  ••  13 
Oanaral  Inflation  ruta  (X/yr)  0 

Type  of  (aa  aaealatlon  ■*  agaa 
Type  of  oil  aaealatlon  ••  aoll 
Type  of  coal  aaealatlon  ••  aeoal 
Dlacour.t  rata  (X/yr)  ••  10 
Rate  of  return  on>lnvaat  (X/yc)  17 
Aoount  of  working  ca,  Ital  (oonth)  •*  2 
Federal  Ineoae  tax  rata  «'I)  ••  34 
Local  prop  tax  (A  Inavir)  rata  (X)  ••  2 


im.  MTBJJ/yrl 


FUEL 

TYPE  OF  FUEL 

ESCAUTION 

1969 

-1990 

1990 

-1095 

1993 

-2000 

2000  AND 

BEYOHD 

Gaa 

agaa 

3.89 

6.87 

5.77 

5.77 

Oil 

aoll 

4.86 

7.87 

4. IP 

4.16 

Coal 

aeoal 

1.16 

2.31 

1.19 

1.10 

IttAB 


.090 

.010 

12300. 


2:32  PH 


Oct  19,  1998 
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CTAW  rowg  An>;  1  X  *2  M»tu/hr  *6  IQILtt.  tCOUCKtC  FAMH  »  WOIIAL  VALPCT 
Total  (taaaa  outlet  ••  12.0  tiBtu/hc  Coit  bait  ytac  ••  19(8 

Bollot  capacity  factor  <•  .719  Frtiaacy  fuel  ••  #6  FUEL  OIL 

Kudbar  of  unite  foe  raClt  *•  1 


# 

Fua/ 

FUEL 

TOTAL 

_ m 

tvsia 

MAIKT 

OTHER 

OF 

STEA.M 

FRICE 

aPITAL 

FUEL 

0  H 

0  A  H 

k3 

kS 

k8 

V5 

Natural  (aa  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

#2  011  flrad  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

.800 

9.67_ 

.0 

1208.5 

150.3 

**1.5 

Hlcrcnlxad  coal  raflt 

1 

.800 

1.88 

2319.2 

187.3 

315.8 

600.0 

Slatting  bumar  raflt 

1 

.800 

1.18 

1028.2 

187.3 

315.8 

600.0 

Modular  FBC  raflt 

1 

.790 

1.18 

1631.1 

103.3 

320.1 

587.2 

Stokar  firing  raflt 

1 

.780 

1.87 

2779.8 

618.2 

320.1 

380.9 

Coal/watar  alurry 

1 

.750 

3.00 

2068.1 

1053.7 

320.1 

510.6 

Coal/oll  slurry 

1 

.780 

3.50 

1835.9 

1182.1 

262.1 

186.2 

1 

1.87 

wanm 

303.5 

675.7 

Faekatad  shall  atokar 

1 

.780 

1.87 

3210.1 

618.2 

329.1 

580.9 

Faekagad  shall  FBC 

1 

.760 

1.18 

1060.1 

513.0 

329.1 

587.6 

Flald  aractad  atokar 

1 

.800 

1.87 

5813.8 

613,8 

327.1 

373.0 

Flald  aractad  FBC 

1 

.800 

At^O 

6105.1 

187.3 

382.2 

587.1 

Fulvarlxad  coal  bollar 

1 

.820 

IM 

6797.0 

173.3 

386.2 

616.8 

Clfttflnim.rK _ _ l.*9  7SS6.0  *81.3 _ 927.1  6J7.7 


m-isssLimisi _ mms.nm^ 


TECBNOLOOY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CTCU 

COST, 

DISCOUNTED 

AS  SPENT 

.  kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO  . 

Natural  gas  bollar 

0 

#2  011  flrad  bollar 

— 

— 

0 

— 

•  • 

— 

23.230 

1.000 

ErliMni  systaa.  nrlnary  fuil 

Mlcronltad  coal  raflt 

1 

13.190 

11,236 

1.632 

5.* 

15,768 

l.*7* 

Slagging  bumar  raflt 

1 

13,195 

13,6*7 

1.185 

8.1 

18,030 

1.288 

Modular  FBC  raflt 

1 

13,666 

13,956 

1.156 

8.9 

18,661 

1.2*5 

Stokar  firing  raflt 

1 

11,090 

15,822 

1.169 

7.1 

17,623 

1.319 

Coal/watar  slurry 

1 

11,395 

16,175 

1.238 

9.9 

20,005 

1.162 

Coal/oll  slurry 

Not  avaluatad 

1 

10.8 

Fackagad  shall  stokar 

1 

11,090 

16,202 

1.131 

7.9 

18,236 

1.27* 

Fackagad  shall  FBC 

1 

11,206 

15,669 

1,183 

8.1 

16,089 

1.265 

Flald  aractad  atokar 

1 

13,386 

17,989 

1.202 

12.6 

21,3*3 

1.069 

Flald  aractad  FBC 

1 

13,193 

17,838 

1.303 

12.8 

21, *60 

1.083 

Fulvsrlzad  coal  bollar 

1 

13,166 

18,318 

1.260 

13.8 

22,1*5 

1.0*9 

Clreulatina  FBC 

1 

13.329 

18.63* 

1.2*7 

1*.8 

22.839 

1.018 
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atfg.WBg  ATli  1  t  *2  wtv</hr  *e  IQILP.  mg.  ir^,  nffg^lATtCM  *  iUP  imt 


Total  atea«  output  ••  42.0 

HBtu/hr 

Boiler  capacity  factor  •<  .716 

Koaber  of  unlta  for  refit  «  1 

Hydrated  Use  prlee(0/ton)  «  40.00 

COAL  nomrxn 

Aah  dlapoaal  price  (3/ton)  »  10.00 

R.Q.H. 

5t<Aer 

Sleetrle  price  (centa/hHh)  »  4.20 

Aah  fraction  «>  .080 

.080 

Labor  rate  ()t3/yr)  -  35.00 

Sulfur  fraction  «  .010 

.010 

Llanatone  price  (S/ton)  ••  20.00 

lanr  (itu/ib)  -  12200. 

12300. 

run.  nuoB 

rm.  men 

Hatural  gaa  price  (3/K8tu)  «  .00 

X.O.H.  coal  (3/H8tu7  v  x.tj 

#2  011  price  (d/Hbtu)  •  .00 

Stoker  coal  (3/Hitu)  •*  1.87 

#6  011  price  (3/H8tu)  »  3.67 

Coal/H20  Mix  (3/ratu)  >  3.00 

omon 

Coal/oll  Mix  (S/»tu)  -  3.30 

Soot  blower  aailtlpller  «  .0 

Tubo  bank  awd  aailtlpller  «*  .0 

FrlMary  fuel  la  1 

Bottoa  atb  pit  aailtlpller  «  1.0 

#6  Fi;CL  OIL 

aOi  control  Multiplier  -  .0 

l-d6  Oil,  2-d2  Oil,  3-HO 

vamsrontum 

Inert  fraction  •  .03 

KXMQHIC  JPAIAMCTtltS 

Intlition  l>  dticountlnt  ba««  y«ar  •  10t( 
Can  Ina*  Inda*  <1987  is  b*(«  yr)  «  1.040 

0»i  InfU  Indax  (1981  to  btt*  yr)  ■  l.OOQ 

OU  ln(U  Index  (1988  to  bt*a  yr)  ••  1.000 

Coal  IntU  Index  (1988  to  baa*  yr)  ••  1.000 

rrojeet  atart  year  •  1090 
Frojeeb  life  (yr)  »  30 
Depreelatlon  life  (yr)  *•  13 
CenercL  Inflation  rate  (X/yr)  •  0 

Type  of  gaa  eacalation  ••  egas 
Type  of  oil  eacalation  •  eoH 
Type  of  coal  eacalation  «  eeoal 
Dlacount  rate  (Z/yr)  •*  10 
Rate  of  return  on  Inveat  (X/yr)  «  17 
Aoount  of  votkln*  capital  (aunth)  »  2 
Federal  Incose  tax  rate  (Z)  ••  34 
Local  prop  tax  (&  Inaur)  rata  (X)  ■  2 


REAL  ESCAUTIOH  RATE  (X/vr) 


TYPE  OF  FUEL 

_ ESgALATIOH 

1988 

^9(10 

1990 

-1995 

1995 

-2000 

2000  A-IO 

BEYOHO 

G«s 

e*ea 

2.28 

4.70 

5.49 

2.75 

Oil 

eoll 

.17 

4.16 

3.55 

2.77 

f 

Coal 

acoal 

1.46 

1.76 

1.61 

.81 

3:07  FH 


Oct  19,  1988 
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gABg  rang  tni  .i  i  *2  tttu/iuc  w.kiul  rva  Ba*  KTiAung  -  ao  iw 

TotiL  it*Mi  ovtpot  *  ^".0  Ktcu/br  Cott  i>«i«  y«tr  «  ISli 

>olX*r  e*p«eUy  £«eior  ••  .7X6  FiliMty  <u«X  #6  FVEt  OIL 

oC  units  for  t«{lt  ••  X 


Jggl’Al-SffiuS 


# 

nti/ 

TVtl 

lOTM. 

KAIKT 

OTKa 

OF 

STCAH 

met 

CAMTAX. 

FUtt 

0  6  H 

0  8  H 

4*6  *Kl6> 

kO 

kS 

kO 

k3 

KstucsX  (St  X)nlXsr 

— 

.100 

.00 

.0 

.0 

.0 

.0 

#2  Oil  £lxs6  bolXsr 

— 

.800 

.00 

.0 

.0 

.0 

.0 

.. 

.100 

3.8> 

.0 

1201.3 

ISO. 3 

441.5 

Klcronitsd  cosl  rsllt 

X 

,IOO 

X.48 

23X1,2 

487.3 

343.6 

600.0 

SXs||lnt  Xnirntr  tsflt 

X 

.800 

X.18 

4028.2 

487.3 

343.8 

600.0 

HoduXsr  TItC  xtlit 

X 

.790 

X.4I 

463X.1 

463,3 

328.x 

387.2 

Stoksr  tlxlnK  tsXlt 

X 

.760 

X.37 

2770.8 

648.2 

3:9.x 

380.0 

CosX/w«t«r  sXutiy 

X 

.730 

3.00 

2068.4 

1033.7 

326.x 

3X0.6 

CosX/olX  tXutry 

X 

.780 

3.30 

X833.0 

1X82. X 

262.x 

486,2 

J 

X.87 

rmn 

Epm 

nrm 

FsckstMl  shsXX  stoksc 

X 

.780 

X.87 

3240, X 

648.2 

329.x 

380.0 

rseksftd  thsXL  FK 

X 

.780 

X.48 

4060.x 

3X3.0 

320. X 

387.6 

Fl«Xd  stsctsd  stoksr 

X 

.800 

1.87 

3843.8 

6X3.8 

327.1 

373.0 

FlsXd  srsetsd  F6C 

X 

.800 

1.48 

6403.x 

487.3 

382.2 

387.x 

ruXvstlssd  cosX  bolXst 

X 

.820 

X.46 

6767.0 

473.3 

366.2 

6X6,8 

1 

...,m 

nm 

777.x 

AmiStgSJBWKI. . .  ■  -  mmi  rtMicT 


LIFE 

LIFE 

CYCLE 

CYCLE 

COST, 

DISCOOKTEO 

COST, 

COAL 

DISCOUMTEO 

BmFlT/ 

TAYBACX 

DISCa'NTEO 

BENEFIT/ 

#  OF 

WE. 

AS  STENT 

COST 

rEXIOO, 

AS  STENT 

COST 

TKBKJWOY 

Wits 

toc/vr 

kS 

NAIIO 

Yr 

k3 

RATIO 

KstutsX  (ss  t>olL*r 

0 

#2  OIX  <ltsd  bolXsE 

— 

— 

0 

«  Oil  flrsd  bclXtr 

— 

.. 

X9.C38 

1.000.. 

CylsLlns  T>riisi*rv  fu#l 

Hlcronixsd  cosX  tsflt 

X 

X3.40S 

X4,X39 

1.343 

7.8 

13,689 

1.2X3 

SXs((lns  burnsr  rsflt 

X 

13,493 

13,370 

1.223 

12.3 

17,070 

X.0S9 

HoduXsr  FBC  tsllt 

X 

13,666 

13,877 

1.199 

13.3 

16,381 

1.023 

Stoksr  £irln(  tsllb 

X 

14,000 

13,7X0 

X.2XX 

11.3 

17,3X7 

1.087 

CcsX/wstsr  slurry 

X 

14,393 

16,307 

1.040 

22.3 

10,833 

.060 

CcsX/olL  slurry 

Mot  svsXustsd 

lo**  Btu  Ksilflsr  rsflt 

1 

15.780 

17.767 

1.07? 

20.1 

20.108 

.947 

Psr.ksgtd  shsXX  stoksr 

X 

14,090 

16,099 

1.183 

12.8 

18,132 

1.030 

Fscks(sd  shsXX  FBC 

X 

14,206 

13,368 

1.221 

12.3 

18,003 

1.057 

FlsXd  srsetsd  stoksr 

X 

13,366 

17. 891 

1.064 

21.0 

2x,242 

.896 

FisXd  srsetsd  FBC 

1 

13,493 

17,760 

1.072 

21.3 

21,380 

.690 

PuXvsrizod  cosX  bolXsr 

1 

13,166 

18,243 

1.044 

24.4 

22,067 

.863 

CirculstinK  FBC 

1 

13.329 

18.558 

1.026 

26.8 

22.761 

.836 

3:07  m  Oct  X9,  1988 
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wwrMatfii  i».*awwtorft 

Tolal  ttaM  output  ••  t2,0 
Boll*;  capacity  factor  •  .716 
Buaibar  of  unit*  for  raflt  •*  1 
Kydr*t*d  llM*  prtc*(6/ton)  »  10,00 
Aah  dUpoaal  prlc*  (S/ton)  ••  10.07 
EUetrlc  prlc*  (canta/klOt)  <•  1.20 
Lalior  rata  (^3/yr}  ••  33.00 
LlMatonc  prlc*  (S/ton)  ••  20,00 

rja.  nucts 

Katural  |**  prlc*  (3/Kltu)  «  .00 
#2  011  prlc*  (3/Kltu)  M  .00 
46  Oil  prlc*  (8/KStu)  >  3.67 

onions 

Soot  blow*;  Bultlpll*;  .0 
Tub*  bank  awd  aultlpll*;  ••  .0 
Bottoai  ath  pit  Mltipll*;  ••  1.0 
S02  control  *Mltlpll*r  ••  .0 
UMOTOMC/Lmc 

Inert  fraction  *>  .03 


wiua.  rvcr  mt  tsviAiiof  aw? 

Mtu/hr 


auL  rnomtiis 


B.O.M.  Stoker 


Ash  fraction  <•  .080 

.080 

Sulfur  fraction  >•  .010 

.010 

KSV  (8iu/lb)  •*  12200. 

12300 

ML  macs 

X.O.K.  coal  (S/K8tu)  •<  1,16 
Stoker  coal  (S/KStu)  *•  1.67 
Co*l/»20  six  (S/KStu)  -  3.00 
Coal/oll  six  (S/K8tu)  »  3.30 

Prlaury  fual  la  1 

#6  FUEL  OIL 

W6  Oil,  2-P2  Oil.  3-)tC 

Boonntic  riiuHcms 

Inflation  &  dlacountln*  baa*  y**r  •  1066 
C*n  Infl*  Indtx  (1087  to  baa*  yr)  **  1.010 

Ca*  Infl*  Index  (1066  to  baa*  yr)  «•  1.000 

Oil  Infl*  lnd«x  (1086  to  baa*  yr)  ••  1.000 

Coal  IntU  Index  (1066  to  baa*  yr)  ••  1.000 

Project  atart  y«*r  •*  1000 
Project  Ilf*  (yr)  ••  30 
Depreciation  Ilf*  (yr)  ••  13 
C*n.>ral  inflation  rat*  (T/yr)  **  0 

Typ*  of  ■**  «*eaUtlon  ••  r*ro 
Typ*  of  oil  •acalatlon  ■*  x*to 
Typ*  of  coal  eacalatlon  ••  rcro 
Oiacount  rat*  (Z/yr)  ••  10 
Rat*  of  rotum  on  lnv«*t  (Z/yr)  <*  17 
Aaount  of  worklnc  capital  (south)  *■  2 
Federal  Incos*  tax  rata  (Z)  31 

Local  prop  tax  (&  Inaur)  rat*  (I)  «  2 


FUEL 

TYPE  OF  FUEL 

ESCALATION 

_ REAL  ESCALATION  RATE  (Z/yr) _ 

1088 

"1990 

1900 

-1993 

1995 

-2000 

2000  AKO 

BEYOND 

C«s 

xtro 

0 

0 

0 

0 

Oil 

x«ro 

0 

0 

0 

0 

Coal 

x«ro 

0 

0 

0 

0 

3:13  FM 


Oct  19.  198B 


Tot*!  «(•«■  Mipuv  *2.0  Hltuihr 
Sotlat  c*p4e!ty  t*ctor  *•  .220 
NiMb«t  of  wU*  for  r«flt  “  1 


Cott  b»M  y«»t  *  Itll 
retMC/  f««l  •  H  fUK.  OIL 


KaturaL  gai  boilar 
#2  OU  flrad  boll  at 


#  rua/  ifua  total 

OF  STtAK  TMCZ  CAFITAL 


Hlerenltad  real  raflt 

1 

.<00 

X.A6 

3310.2 

467.3 

343.6 

SXaitInt  buntar  raflt 

1 

,600 

l.U 

4026.2 

417.3 

343.8 

Modular  FIC  raflt 

1 

.700 

1.46 

4631.1 

493.3 

320.1 

Stokar  flrln«  raflt 

1 

.760 

1.K7 

2770.6 

646.2 

326.1 

Coai/water  alurty 

1 

.730 

3.00 

2066.4 

1033.7 

329.1 

Coal/oU  alurry 

1  ttSaa 

X 

1 

.760 

aaa 

3.30 

1  at 

1633.0 

1162.1 

aa*  n 

262.1 

ana  a 

fackatad  ahall  atokar 

1 

Facka(ad  ahall  FOC 

1 

Flald  aiactad  atokar 

1 

Flald  araetad  FOC 

1 

Fulvarlaad  coal  bollar 

1 

tHTJ 


wtivinai.*  wa  .*3 


COST, 

DISCOUNTtO  StXirXT/ 
AS  SFEKT  COST 


DISCOUKTCO 

FATBACX 

mxoo. 


Lirt 

CTCLT 

COST, 

DISCOUKTCO  aCKCFXT/ 
AS  srCKT  COST 


Katural  (aa  bollar 

— 

— 

#2  OIL  flrad  bollar 

— 

— 

HINOT:  SAC 


BACKGROUND 

Hinoc  APB  i$  loc«ced  n«ir  Hinoc,  North  D«koc«.  The  cencml  heating 
plant  is  of  interest  for  this  study.  The  base  hospital  also  has  a 
heating  plant  which  is  far  coo  small  for  ccal-firing  consideration. 

The  central  heating  plant  has  six  water-tube  boilers  that  burn 
natural  gas  or  No.  6  oil  (for  backup)  to  produce  400*P  hoc  water. 
Two  boilers  (42  and  25  HBcu/h)  originally  burned  coal  and  were  later 
converted  to  burn  gas  or  oil;  the  remaining  boilers  were  designed 
for  residual  oil.  No  coal  equipment  is  still  present.  Yearly 
average  fuel  use  is  about  SO  HBtu/h. 

HEATING  PLANT  UNITS 

Heating  Plant  No.  413; 

2  X  25  KBcu/h,  International  Boiler  Works,  1956 
25  HBtu/h,  Intcrnacicnal  Boiler  Works,  1960 
2  X  25  HBcu/h,  Combustion  Engineering,  1957 
42  HBcu/h,  Babcock  4  Wilcox,  1963 

IDEAL  CAPACITY  FACTOR  ANALYSIS 


Based  on  monthly  fuel-use  data,  the  ideal  capacity  factors  listed 
below  were  calculated  for  plant  No.  413. 


Fuel 

input 

(HBcu/h) 

FY  1985 
ideal 
capacity 
factor 

FY  1988 
ideal 
capacity 
factor 

40 

0.79 

0.78 

50 

0.75 

0.73 

60 

0.70 

0.68 

70 

0.66 

0.63 

80 

0.61 

0.58 

90 

0.57 

0.53 

100 

0.53 

0.48 

ENERGY  PRICES 

FY  1986  Price 

Data: 

Electricity  = 

3.2c/kWhr 

Distillate  =  i 

55.90/HBtu 

Natural  gas  = 

$3.90/HBtu 

The  data  show  no  residual  oil  was  purchased  in  FY  1986. 
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C.  H.  Guernsey  and  Co.  Survey. 

Electricity  ®  l.A5c/kWh 

Residual  »  $Z.53/HBcu  (looks  suspect) 

Natural  gas  «  $A.l8/HBtu 

The  C.  U.  Guernsey  and  Co.  survey  gives  No.  6  ns  the  secondary  fuel, 
costing  only  $Q. 38/gal.  The  survey  also  gives  electricity  as  being 
very  cheap.  It  is  possible  that  the  oil  was  purchased  when  oil 
prices  were  very  low. 

Letter  from  HQ  SAC  (l0/27/88)t 

Electricity  “  l.52c/kWhr 
Natural  gas  *  $3.60/HBtu 

5.  COAL  PROPERTIES  AND  PRICES 


Stoker 

ROM 

Origin 

Horhland,  Utah 

Horhland,  Utah 

HHV,  Btu/lb 

12,300 

12,200 

Z  Ash 

8 

8 

X  Sulfur 

1 

1 

X  Nitrogen 

1.2 

1.2 

Ash-softening  temperature,  ‘F 

2300 

2300 

Swelling  index 

1 

1 

Top  sixe,  in. 

1  1/4 

1  1/2 

Bottom  size,  in. 

1/4 

0 

Fines,  X 

10 

45 

Grindability  index 

41 

41 

Cost  at  mine,  $/ton 

32 

22 

Delivered  cost,  $/ton 

46 

36 

Energy  cost,  §/10C  Btu 

1.87 

1.48 

6.  ENVIRONMENTAL  REGULATIONS 

6.1  Air  Pollution  Emission  Limits  for  New  So'  rces 
SO,.  For  boilers  >30  and  <100  HBcu/h:  3  Ib/MBtu. 

NO^.  No  cmissio.  limits  for  boilers  >30  and  <100  HBtu/h. 

Particulates.  For  boilers  >30  and  <100  HBtu/h; 

E  =  0.811  (HBtu/h)-®. >31  =  0.5  Ib/MBtu  for  A2  HBtu/h. 

6.2  Coal-Pile  Runoff 


Limit:  Total  suspended  solids  —  50  mg/L. 
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6.3  Ash  Dlspoanl 

Ashes  are  classified  as  nonhazardous  induscrial  solid  waste  and 
may  be  disposed  of  in  any  approved  sanitary  landfill. 

OTHER  COHS I DERATIONS 

This  base  is  situated  near  sources  of  lignite. 

GOAL-CONVERSION  PROJECT  OUTIXWK 

An  obvious  project  would  be  to  convert/replacc  the  42-Hntu/h  unit 
(-54  HBtu/h  fuel  input).  The  overall  capacity  factor,  assuming  a 
902  availability,  is  estimated  to  be  about  652. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,  and  NO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for  NO^ 
or  SOj  reduction  since  the  proposed  conversion  project  is 
smaller  than  100  HBtu/h  and  the  coal  has  a  low  sulfur  content. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  coal.  There  is  space  available  for  reinstalling 
combustion  equipment  at  the  existing  boiler  or  for  construction 
of  a  new  boiler  at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  install¬ 
ing  coal-handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8 . 3  Technical  Risk  of  Combustion  Technologies 


The  least  technical  risk  would  be  for  refit  of  stoker  firing  to 
the  existing  boiler,  since  it  was  originally  designed  for  this, 
or  installation  of  a  new  stoker-fired  boiler.  The  other  tech¬ 
nologies  would  have  greater  technical  risks  because  of  lack  of 
operating  experience,  and  all  of  them  would  be  of  the  same 
order  since  the  existing  boiler  is  designed  for  coal  firing. 

COGENERATION  PROJECT  OUTLOOK 

Cogeneration  would  not  be  economical  at  this  base  because  of  the 
very  low  electric  power  rates  from  the  electric  utility  company. 
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V. 


10.  IKPUT  AXD  LCC  StMUKY  snUADSHCnS 


HnPT  AW;  iH2  WBtu/hr.  gOTOgC  FAlAMEmS  -  BCHMAL  YALim 


TotkL  itiM  output  *•  12.0 
lollor  captclty  factor  •  .6^' 
NvMbar  of  unit*  for  raflt  "  1 
Kydratad  lliaa  priea(d/ton)  ^  10.00 
Aah  dlapoaai  ptlea  (3/ton)  ■*  10.00 
Elaetrlo  prlca  (canta/kWh)  •  1.30 
labor  rata  (kS/yr)  **  33.00 
Llaaatona  prlca  (3/ton)  20.00 

run  men 

Katural  (aa  prlca  (3/K8tu)  '  3.60 
#2  011  prlca  (3/Kltu)  «  .00 
#6  011  prlca  (3/tfltu)  -  3.67 

orxion 

Soot  blowar  aailtlpllar  ~  .0 
Tuba  bank  Bod  aultlpllar  *•  .0 
lotto*  aah  pit  aultlpllar  1.0 
S02  control  BNltiinllar  *■  .0 
LSCSTOME/LIMK 

Inart  fraction  ••  .03 


HItu/hr 


COAL  rtonoiTin 

K.Q.H. 

Aah  fraction  .010 
Sulfur  fraction  *■  .010 
IffiV  (Itu/lb)  -  12200. 

run  men 

X.O.H.  coal  (S/HItu)  •  1.16 
Stokar  coal  (3/MBtu)  ••  1.67 
Coal/K20  Mix  (3/KBtu)  >  3.00 
Coal/oll  Mix  (S/tatu)  -  3.30 

rxlKAry  fual  la  3 
NATURAL  CAS 

l-#6  Oil,  2-#2  Oil,  3-HO 


BXMOHIC  rAXAtems 

Inflation  A  dlacountln*  baia  yaar  ••  1088 
Can  Infla  Indax  (1687  to  b«aa  ye)  ••  1.010 
Caa  Infla  Indax  (1986  to  baaa  yr)  "  1.000 
Oil  Infla  Indax  (1668  to  baaa  yr)  •*  1.000 
Coal  Infla  Indax  (1988  to  baio  yr)  1.000 
Fcojaet  atart  yaar  **  1660 
Frojaet  Ufa  (yr)  -  30 
Dapraolatlon  Ufa  (yr)  *■  IS 
Ganaral  Inflation  rata  (2/yc)  *•  0 

Typa  of  taa  aacalatlon  a(aa 
Typa  of  oil  aacalatlon  ••  aoll 
Typa  of  coal  aacalatlon  acoal 
Dlacount  rata  (2/yr)  “  10 
Rata  of  raturn  on  Invaat  (X/yr)  17 
Aatount  of  worklnc  capital  (oonth)  ••  2 
Fadaral  Incoaa  tax  rata  (Z)  ■•31 
Local  prop  tax  (A  Incur)  rata  (Z)  »  2 


REAL  ESCALATION  RATE  (Z/vrl 
TYPE  OF  FUEL  1688  lOCO  1693  2000  AND 


fU5(, 

ESCALATION 

-1990 

-1995 

-2000 

BEYOND 

Caa 

•s*> 

3.89 

8.67 

5.77 

5.77 

Oil 

aoll 

1.86 

7.87  - 

1.16 

1.16 

Coal 

acoal 

:  in 

2.31 

1.18 

1.10 

2:06  PM 


.010 

.010 

12300. 


Jan  1,  1889 
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MmOT  An;  1  X  *2  Wtu/hr.  KQUOMIC  fAKAtmM  -  BCKIim.  VAUntt 
Total  ataM  output  *•  A2.0  K8tu/hr  Coat  bata  yaac  ■■  1911 

Boilac  capacity  tactoc  .819  Btlaacy  luaL  ••  HATUBAI.  GAS 

Muabac  o£  unlta  foe  caflt  ■*  1 


ABWAL  COSTS 


* 

Fua/ 

FUEL 

TOTAL 

HAIHT 

OTHER 

OF 

STEAH 

PRICE 

CAPITAL 

FUEL 

0  A  H 

0  A  H 

I7j9 

kS 

k8 

kS 

_  k3 

Hatucal  (at  bollar 

— 

.800 

3.80 

.0 

1069.3 

130.3 

427.8 

tZ  OIL  flrad  bollar 

.. 

.800 

.00 

•  .0 

.0 

.0 

.0 

.. 

..800  _ 

3.67 

.0 

■Rill 

Kicronlzad  coal  raflt 

1 

.800 

1.48 

2319.2 

439.7 

343.8 

337.4 

Slaf(ln(  bumac  raflt 

1 

.800. 

1.48 

4026.2 

439.7 

343.8 

357.4 

Modular  FBC  raflt 

1 

.790 

1.48 

4631.1 

443.3 

329.1 

553.4 

Stobar  firing  raflt 

1 

.760 

1.87 

2779.8 

384.8 

329.1 

331.6 

Coal/Matar  alurry 

1 

.7S0 

3.00 

2068.4 

930.7 

329.1 

481.3 

Coal/oll  alurry 

1 

.780 

3. SO 

183S.B 

1066.3 

262.1 

457.3 

] 

.679 

1.87. 

3777.4 

853.0 

303.5 

min 

Packagad  ahall  atokar 

1 

.780 

1.87 

3240.1 

384.8 

329.1 

331.6 

Fackagad  ahall  FBC 

1 

.780 

1.48 

4060.1 

462.8 

329.1 

333.8 

Flald  aractad  atokar 

1 

.800 

1.87 

S84S.a 

333.6 

327.1 

349.2 

Flald  aractad  FBC 

1 

.600 

1.48 

640S.1 

439.7 

382.2 

333.3 

Fulvarlxad  coal  bollar 

1 

.820 

1.48 

8797.0 

429.0 

386.2 

386.4 

1 

■im 

■TuIh 

AlR-KESgJROjlgl _ PRIVATE  raOJTCT  _  - 


TECHKOLOCY 

#  OF 

UNITS 

COAL 

USE, 

ton/Yr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FATBACK 

FERIOO, 

_ yr _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SFENT 

_ kS _ 

BENEFIT/ 

COST 

_ RATIO 

Natural  gaa  bollar 

23,4.i6 

1,000 

<"■ '  Existing  systaa,  prlaiary  fual 

#2  Oil  flrad  bollar 

— 

— 

0 

" 

.. 

Hlcronltad  coal  raflt 

1 

12,176 

13,463 

1.743 

6.0 

14,970 

1.367 

Slagging  bumar  raflt 

1 

12,176 

14,871 

1.377 

8.9 

17,231 

1.360 

Modular  FBC  raflt 

1 

12,330 

13,241 

1.339 

9.8 

17,927 

1.308 

Stokar  firing  raflt 

1 

12,713 

13,001 

1.364 

7.9 

16,779 

1.398 

Coal/watar  alurry 

1 

12,968 

17,284 

1.357 

10.3 

16,760 

1.249 

Coal/oll  alurry 

Not  avaluatad 

1 

■am 

■Ri'dH 

10.8 

■Bonis 

Fackagad  ahall  stokar 

1 

12,713 

13,381 

1.323 

8.8 

17,394 

1.349 

Fackagad  ahall  FBC 

1 

12,817 

14,937 

1.570 

9.0 

17,336 

1.333 

Flald  aractad  stokar 

1 

12,077 

17,226 

1.362 

13.4 

20,358 

1.141 

Flald  aractad  FBC 

1 

12,176 

17,130 

1.369 

13.6 

20,732 

1.131 

Fulvarlxad  coal  bollar 

1 

11,879 

17,647 

1.329 

14.7 

21,435 

1.093 

Circulating  FBC _ 

1 

12.026 

17.843 

1-314 

15.4 

22.031 

1.065 

2:06  FM  Jan  1,  1989 
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KUOTLAn:  1  X  A2  Mtuyhr.  TVB.  UAL  DCALATIDH  <•  AID  1M7 

Total  ataia  output  ••  42.0 

tatu/hr 

Boil«r  capacity  factor  ••  .646 

Nuadbar  of  unita  for  raflb  ••  1 

Hydratad  lisa  prica(6/ton)  ••  40.00 

COAL  raomTin 

Aih  diapoaal  prlea  (3/ton)  ••  10.00 

R.O.H. 

Elactric  priea  (canta/kUh)  ••  1.30 

Aih  fraction  *■  .080 

.080 

Labor  rata  (kS/yr)  •  33.00 

Sulfur  fraction  ••  .010 

.010 

Llaaatona  priea  (3/ton)  ••  20.00 

K8V  (Itu/lb)  «  12200. 

12300. 

run  nucxs 

nno.  nucES 

Katural  gai  priea  (3/Katu)  ••  3.60 

R.O.H.  coal  (3/H8tu)  »  1.48 

62  Oil  priea  (3/K8tu)  ••  .00 

Stokar  coal  (3/Hltu)  ••  1.87 

#6  Oil  priea  (3/KBtu)  -  3.67 

Coal/H20  Mix  (8/H8tu)  «  3.00 

omoMs 

Coal/oil  Mix  (3/HBtu)  >3.30 

Soot  blowar  Mltlpliar  ••  .0 

Tuba  ban):  Mod  Hultlpliar  ••  .0 

rrlMazy  fual  ia  3 

Bottoa  aih  pit  Multlpliar  ••  1.0 

)UTURAL  CAS 

302  control  Multlpliar  •>  .0 

1«66  Oil.  2-#2  Oil,  3-RG 

LIMESTOta/LlM 

Inart  fraction  ••  .03 

LOQKMIC  rAIAMCmS 

Inflation  A  dlaeountint  baaa  yaar 

-  1988 

Can  inf la  indax  (1987  to  baaa  yr) 

«  1.040 

Gaa  inf la  indax  (1988  to  baaa  yr) 

«  l.OwO 

OIL  infla  indax  (1988  to  baaa  yr) 

••  1.000 

Coal  infla  indax  (1988  to  baaa  yr) 

>  1.000 

frojtct  atart  yaar  •  1090 
Fxojact  Ufa  (yr)  ••  30 
Dapraoiatlon  Ufa  (yr)  •*  IS 
Canaral  Inflation  rata  (X/yr)  "  0 

Typa  of  (aa  aacalation  ••  agaa 
Typa  of  oil  aacalation  ••  aoil 
Typa  of  coal  aacalation  ••  acoal 
Dlfcount  rata  (X/yc)  *•  10 
Rata  of  ratum  on  invaat  (X/yc)  ••  17 
Aaount  of  i-cnkinc  capital  (otonth)  ••  2 
Fadtral  incooM  tax  rata  (X)  ••  34 
Local  prop  tax  (&  iniuc)  rata  (X)  ••  2 


REAL  ESCALATIOK  RATE  (X/vr) 


TYPE  OF  FUEL 

ESCAUTIOK 

1988 

-1990 

1900 

-1903 

1093 

-2000 

2000  AHD 

BEYOND 

Gaa 

a*aa 

2.28 

4.70 

3.40 

2.73 

Oil 

aoil 

.17 

4.16 

3. 33 

2.77 

Coal 

acoal 

1.46 

1.76 

1.61 

.81 

11:13  AM  Jan  11,  1969 
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HIPOT  1  X_43  HBt<t/hr.  mt  KtAL  CSCAUTIOB  -  ABO  IM? 


7flt«L  »t«M  output  » 

tj.o 

KStu/hr 

Cost  base  year  « 

1966 

Cip«etty  facto;  •• 

.eiS 

Frlaacy  fuel  •* 

MTUSAL  GAS 

!(u«b«r  of  units  for  raftt  •• 

1 

_ AWAL  COSTS _ 

# 

FUEL/ 

FUEL 

TOTAL 

HAIMT 

OTKEX 

or 

STEM! 

FRICE 

CAPITAL 

FUEL 

0  A  H 

0  A  H 

TrCBHOlCOY 

Err 

5/M8tu 

k?_ 

kO 

VS 

kS  . 

KatucsL  |(*t  bollar 

.<00 

3.60 

.0 

1069.3 

130.3 

427.6 

iZ  Oil  fired  boiler 

— 

.<00 

.00 

.0 

.0 

.0 

.0 

— 

3.67 

_ ifi _ 

-1980.3- 

i22ai— 

Kleronixed  coal  refit 

1 

.<00 

1.4S 

2319.2 

439.7 

343.6 

337.4 

Slaitln,  burner  refit 

1 

.<00 

1.46 

4026.2 

439.7 

343.6 

337.4 

Hodulac  FSC  refit 

1 

.790 

1.46 

4631.1 

443.3 

329.1 

333.4 

Stoker  firint  refit 

1 

.760 

1.67 

2779.6 

3<4.< 

320.1 

331.6 

Coal/water  elurry 

1 

.730 

3.00 

2066.4 

930.7 

329.1 

4<1.3 

Coal/oll  flurry 

1 

.760 

3.30 

103.9 

1066.3 

262.1 

437.3 

Low  Btu  leiifler  refit 

-1. 

l.<7- 

3777.4 

564.5 

Packaged  fhell  stoker 

1 

.760 

1.67 

3240.1 

364.6 

329.1 

331.6 

Packaged  shell  FBC 

1 

.760 

1.46 

4060.1 

462.6 

329.1 

333.6 

Field  erected  stoker 

1 

.600 

1.67 

3643.6 

333.6 

327.1 

349.2 

Field  araeted  FBC 

1 

,600 

1.46 

6403.1 

439.7 

3C2.2 

333.3 

Pulverised  coal  boiler 

1 

.620 

1.46 

6797.0 

429.0 

366.2 

366.4 

Clrculitlni  FBC 

■  »o 

1.46 

434.3 

■,.3;7xL. 

iM  raict.rawiCT _ novAic.rawggi 


TECHHOLOGY 

t  CF 

UNITS 

COAL 

USE, 

ton/yr 

LIFE 

CTCU 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ 2r _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ k$ _ 

BENEFIT/ 

COST 

_ PATIO _ 

Natural  gas  boiler 

10.044 

1.000 

<—  Existing  systea,  priiaary  fuel 

#2  Oil  fired  boiler 

— 

— 

0 

— 

«  Oil  fired  boiler  _ 

— 

— 

17.467 

Hicronized  coal  refit 

1 

12,176 

13,390 

1.346 

6.0 

14,898 

1.211 

Slagging  burner  refit 

1 

12,176 

14,691 

1,210 

12.6 

17,170 

1.050 

Modular  FBC  refit 

1 

12,330 

15,171 

1.180 

14.1 

17,654 

l.Cll 

Stoker  firing  refit 

1 

12,713 

14,906 

1.210 

11.5 

16,683 

1.082 

Coal/water  slurry 

1 

12,988 

17,132 

1.053 

20.7 

16,624 

.069 

Coal/oll  slurry 

Not  evaluated 

Low  Btu  xstlfler  refit 

J 

14.238 

16.405 

1.100  .. 

17.8 

18.707 

.  .965 

Packaged  shell  stoker 

1 

12,713 

13,256 

1.160 

13.1 

17,206 

1.043 

Packaged  shell  FBC 

1 

12,617 

14,663 

1.214 

12.6 

17,260 

1.045 

Field  erected  stoker 

1 

12,077 

17,137 

1.053 

23.1 

20,467 

.882 

Field  erected  FBC 

1 

12,176 

17,060 

1.058 

22.9 

20,660 

.873 

P>jlverizad  coal  boiler 

1 

11,679 

17,570 

1.026 

26.3 

21,385 

.844 

Clrculatinx  ViT- 

1 

12.026 

17.779 

1.015 

28.4 

21.960 

.822 

♦ 


1:13  AH  Jan  11,  1989 
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HIWOT  ATB!  1  X  *2  Xtg/hr.  mt  VtM.  Ig^CAUTIOX  -  VOO 


Total.  tt«*m  output  «*  42.0 
Bollor  capacity  factor  ”  .04S 
Kuobac  of  unlta  for  rafit  ••  1 
Hydratad  llna  prica(S/ton)  •*  40.00 
Aah  dlapoial  prica  (S/ton)  "  10.00 
Electric  price  (canti/lKh)  ••  l.SO 
Labor  rata  (kS/yr)  ••  30.00 
Llaaatona  price  (0/ten)  ••  20.00 
FUEL  ntlCES 

(iatural  t*t  price  (S/KStu)  ••  3.60 
#2  011  price  (S/KStu)  -  .00 
#6  011  price  (S/Katu)  -  3.67 

onions 

Soot  blower  nultlpller  ••  .0 
Tube  bank  laod  eultlpller  ■*  .0 
Bottoa  aah  pit  nultlpller  ••  1.0 
S02  control  Bultlpller  ••  .0 
LIMESTOHE/LTME 

Inert  fraction  ••  .03 


K2)tu/hr 


exjAL  ntorniTiEs 

Ex&JL 

Aah  fraction  ••  .060 
Sulfur  fraction  «•  .010 
IIIIV  (8tu/lb)  -  12200. 
FUEL  miCES 

R.O.H,  coal  (S/KStu)  ••  1.48 
Stoker  coal  (S/KStu)  "  1.07 
Coal/li:0  nix  (S/KStu)  ••  3.00 
Coal/oll  BlX  (S/KStu)  »  3.00 

Frlnaty  fuel  la  3 
HATURAL  CAS 

W6  Oil,  2>#2  Oil,  3«SC 


EOOnCKlC  FARAKCVEltS 

Inflation  t  dlaeountlns  baaa  yaar  ••  1088 
Gen  Infla  Index  (1087  to  baaa  yr)  ■■  1.040 

Gat  Infla  Index  (1080  to  bate  yr)  ••  1.000 

Oil  Infla  Index  (lOOt  to  bate  yr)  ••  1.000 

Coal  Infla  Index  (1068  to  bate  yr)  “  1.000 

Project  atari  yaar  ••  1000 
Project  life  (yr)  ••  30 
Depreciation  life  (yr)  ••  10 
General  Inflation  rata  (Z/yr)  *•  0 

Type  of  (ai  eacalatlon  ••  taro 
Type  of  oil  eacalatlon  »  xero 
Type  of  coal  eacalatlon  ■■  xero 
Dlacount  rata  (Z/yr)  ••  10 
Rate  of  return  on  Inveat  (Z/yr)  17 
Aciounb  of  woilcing  capital  (month)  ••  2 
Faderal  Income  tax  rate  (Z)  ••  34 
Local  prop  tax  (&  Insur)  rate  (Z)  «  2 


REAL  ESCAUTIOH  RATE  (Z/vr) 


FUEL 

TTPE  OF  FUEL 

ESCAUTION 

1988 

-1090 

1990 

-1995 

1095 

-2000 

2000  AHE 

DEYOHD 

Gas 

zaro 

0 

0 

0 

0 

Oil 

zaro 

0 

0 

i 

0 

Coal 

zaro 

0 

0 

0 

0 

.080 

,010 

12300. 


11:23  AH  Jan  11,  1989 
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HUPT-ATBi  ■  Lg,.*i.>ftM/hr.  lyPr  WWi.BCMAIIOff.r  aag 

Toi«L  attMB  output  ••  42,0  K9tu/hr  Coat  baaa  ytar  ~  196t 

Bollat  capacity  £aetoc  *•  .648  PclMaiy  futl  ••  KATURU.  GAS 

Kue9}ac  o£  unlta  tot  rallt  I 


# 

FUEL/ 

FUEL 

TOTAL 

MAINT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

Fva 

0  A  H 

0  A  H 

TECHWtCGY _ urns 

EFF 

0/KBt>l 

kS 

kS 

k5 

kS 

Natural  gaa  bollar 

— 

.800 

3.80 

.0 

1060.3 

130.3 

427.6 

#2  011  flrad  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

46  011  flrad  bollar 

•  • 

.800 

3.87 

.0 

1090.3 

130.3 

427.6 

Mleronlxtd  ccal  raClt 

1 

.800 

1.46 

2319.2 

439.7 

343.6 

357.4 

Slatflns  burner  raflt 

1 

.800 

1.48 

4026.2 

430.7 

343.6 

357.4 

Modular  FBC  raflt 

1 

.790 

1.48 

4631.1 

413.3 

329.1 

333.4 

Stobar  flrlnc  raflt 

1 

.780 

1.87 

2779,8 

364.6 

329.1 

331.6 

Coal/watar  alurry 

1 

.780 

3.00 

2068.4 

930.7 

329.1 

481,3 

Coal/oll  alurry 

1 

.780 

3.30 

1633.9 

1056.3 

262.1 

457.5 

Low  Btu  latlflar  raflt 

J 

.879 

1.87 

3777.4 

655.0 

303.5 

584.5 

Paekatad  ahall  atokar 

1 

.760 

1.87 

5240.1 

384.6 

320.1 

331.6 

Packacad  ahall  FBC 

1 

.760 

1.48 

4060.1 

452.8 

320.1 

333.8 

Flald  aractad  atokar 

1 

.800 

1.67 

3643.8 

353.6 

327.1 

340.2 

Field  aractad  FBC 

1 

.800 

1.46 

6403.1 

430.7 

382.2 

333.3 

Pulvariaad  coal  bollar 

1 

.820 

1.46 

0797.0 

429.0 

386.2 

386.4 

girtyUbtnji  TK _ 

1 _ 

7556. 0 

727.1 _ 

»7.2 

AIR  JQSCE.  PROJECT _ PRIVATE  PROJECT 


TECHNOLOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ yt _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ k3 _ 

BENEFIT/ 

COST 

_ RATIO 

Natural  s**  bollar 

— 

— 

13,008 

1.000 

<— >  Existing  aystaa,  primary  fuel 

#2  011  flrad  bollar 

" 

— 

0 

— 

66  Oil  flrad  bollar 

.. 

.. 

•  • 

Mlcronlzad  coal  raflt 

1 

12,176 

12,777 

1.018 

19.6 

14,268 

.912 

Slagsing  burner  refit 

1 

12,176 

14,188 

.917 

>31 

16,349 

.786 

Modular  FBC  refit 

1 

12,330 

14,331 

.894 

>31 

17,216 

.736 

Stoker  firing  raflt 

1 

12,713 

14,093 

.923 

>31 

13,845 

.821 

Coal/watar  slurry 

1 

12,988 

13,606 

.823 

>31 

17,263 

.754 

Coal/oll  alurry 

Hot 

avaluatad 

_ 1 _ 

15.492 _ 

.840 

>31 

^BiTB 

Packaged  ahall  stoker 

B 

mmm 

.899 

>31 

16,461 

.790 

Packaged  ahall  FBC 

B 

HRS 

.913 

>31 

16,397 

.784 

Flald  erected  stoker 

1 

12,077 

16,363 

.793 

>31 

19,672 

.661 

Flald  aractad  FBC 

1 

12,176 

16,447 

.791 

>31 

20,030 

.649 

Pulverized  coal  boiler 

1 

11,879 

16,981 

.766 

>31 

.626 

Clrculatlnz  FBC 

1 

12.026 

17.174 

.757 

>31 

21.338 

.610 

11:23  AM  Jan  11.  1989 
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PEASE  AFB:  sac 


1.  BACKGROUND 

Pease  AFB  Is  locaced  near  Porcsmouch,  New  Hampshire.  The  steam 
plant  consists  o£  two  110-HBtu/h  water-tube  units  firing  natural  gas 
as  the  primary  fuel  and  No.  6  oil  as  the  secondary  fuel.  A  refuse- 
derived  fuel  has  also  been  used  in  these  boilers.  These  boilers 
were  originally  designed  for  residual  fuel  oil  combustion.  Average 
annual  fuel  use  was  about  A2  HBtu/h  for  FY  1986.  Refuse-derived 
fuel  was  about  AST  of  the  total. 

2.  HEATING  PUNT  UNITS 
Heating  Plant  No.  12A; 

2  y  110  HBtu/h,  Combustion  Engineering,  1955 

3.  IDEAL  CAPACITY  »?ACTOR  ANALYSIS 

The  ideal  capacity  factors  listed  below  were  calculated  from  monthly 
fuel-use  data  for  plant  No.  12A. 


Fuel 

input 

(MBtu/h) 

FY  1986 
ideal 
capacity 
factor 

AO 

0.68 

50 

0.6A 

70 

0.56 

90 

0.A7 

110 

0.39 

A.  ENERGY  PRICES 

FY  1986  Price  Data: 

Electricity  =  §15.5/HBtu  =  5.3c/kUh 
Distillate  =  $5.9l/HBtu 
Residual  =  $A.5A/HBtu 
Natural  gas  =  $3.8/HBcu 
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5.  COAL  PROPERTIES  AND  PRICES 


Stoker 

ROM 

Origin 

Slago,  Pa. 

Slago,  Pa. 

HHV,  Btu/lb 

13,000 

12,800 

X  Ash 

7-9 

8-10 

X  Sulfur 

1.8-2. 2 

1.8-2. 2 

X  Nitrogen 

1.32 

1.30 

Ash-softening  temperature^ 

•F 

2500 

2300 

Swelling  index 

6—8 

6—8 

Top  sizCf  in. 

1  5/8 

2 

Bottom  size,  in. 

1/2 

0 

Fines,  X 

5 

Crindability  index 

50-55 

50-55 

Cost  at  mine,  $/ton 

40 

26.50 

Deliveced  cost,  $/ton 

66.60 

53.10 

Energy  cost,  ^/lO^  Btu 

2.56 

2.07 

The  coal  prices  quoted  above  assume  rail  delivery  to  Pease 

base  is  currently  removing 

its 

rail  connection 

because  it 

maj^r  highway.  If  coal 

has 

to  be  delivered 

by  truck, 

costa  could  be  higher  by  as  much  as  $0.50/HBtu. 

6.  ENVIRONMENT/’  REGULATIONS 

6.1  Air  Pollution  EmU<ion  Li»ic«  for  New  Sources 

SO,.  No  emission  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBcu/h:  FBC  -  90Z  reduction  to  meet  limit  of  1.2  lb/ 
HBtu;  emerging  technology  ~  SOZ  reduction  to  meet  limit  of 
0.6  Ib/HBtu. 

NOy.  No  emission  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBtu/h:  spreader  stoker  and  FBC  -  0.6  Ib/HBtu;  pulverised 
coal  -  0.7  Ib/MBtu. 

Particulates.  For  boilers  >100  HBtu/h:  0.05  Ib/HBtu. 

6.2  Coal-Pile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L. 

6.3  Ash  Disposal 

Ashes  Afe  classified  as  nonhazardous  industrial  solid  waste  and 
may  be  disposed  of  in  any  approved  sanitary  landfill. 

7.  OTHER  CONSIDERATIONS 


None 


COAL-CONVERSIQN  PROJECT  OUTLOOK 


ReplacefflcnC/tefic  o£  aam  boiler  may  be  accraccivc.  Ic  i»  escimaced 
Chac  chc  overall  cnpacicy  factor  for  conversion  of  one  110-HRtu/h 
unit  CO  coal,  but  derated  to  75  HBtu/h  output  («9<i  HBtu/h  fuel 
input)  to  avoid  environmental  regulations,  would  be  roughly  41% 
assuming  90%  availability. 


8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO-andNOjj.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  lequiring  any  measures  for  NO^ 
or  SO]  reduction  since  the  proposed  conversion  project  is 
smaller  chan  100  KBcu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  chc  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  No.  6  oil,  so  return  to  stoker  is  not  possible. 
There  is  space  available  for  installing  coal  combustion  equip¬ 
ment  at  the  existing  boiler  or  for  construction  of  a  new  boiler 
at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  in6Call~ 
ing  coal-handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8.3  Technical  Risk  of  Combustion  Technologies 

The  existing  boilers  are  designed  for  No.  6  oil-firing  and 
therefore  are  not  sutiable  for  conversion  to  stoker-firing,  but 
they  could  be  converted  to  coal-water  mixture  or  micronized 
coal-firing.  Since  the  peak  winter  fuel  use  is  about  85 
HBtu/h,  one  of  the  110-HBtu/h  boilers  could  be  derated  to  68% 
capacity  and  meet  the  peak  load.  This  would  make  the  technical 
risk  low  for  either  coal-water-mixture  or  micronized  coal. 

COGENERATION  PROJECT  OUTLOOK 

The  prospects  for  a  coal-fired  cogeneration  system  appear  to  be 
marginal.  The  minimum  average  monthly  electrical  load  is  fairly 
low,  3.2  HWe,  and  the  price  of  electricity  is  only  moderately  high, 
5.3o/kWh.  Based  on  the  FY  1986  energy-use  data,  a  cogeneration 
plant  with  a  boiler  rating  of  64  HBtu/h  output  and  a  3-HWe  turbine- 
generator  would  have  an  electrical  power  capacity  factor  of  90%  and 


»  peak  thermal  output  o£  40  MBtii/h,  with  a  thermal  enercy  capacity 
factory  of  about  65X  if  uted  as  a  baseload  heatins  plant.  A  water- 
tube  boiler  with  a  steam  rating  of  1200  psia  and  900*F  wouU  be  the 
most  suitable  boiler  for  this  cogeneration  system. 
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10.  IXrUT  K(3  LCC  tViWM  SrUASSSSSTS 

msx  AXlt  Itfi  wtg/hr.  tCOXOgC  TtMVmS  -  >0<IXAL  VALWIB 
Tat»L  itcM  output  *-  73.0  KStu/ht 
Bolltr  c«p*etiy  £«eter  *•  .40? 

Kueb*r  oi  unlit  foe  e«fti  «  1 


Hydratad  lieta  prleafO/ton)  **  40.03 

COAL  momiTits 

Aah  dlapotal  prlca  (3/ton)  10.03 

R.Q.M. 

svatnz 

Claeirtc  prlca  (canta/kWb)  <•  3.30 

Aah  fraction  “  .000 

.010 

Labor  rata  (kS/yr)  »  33.03 

Sulfur  fraction  "  .020 

.010 

Llsaaiona  prlca  (3/tcn)  »  20.00 

WSV  (Itu/lb)  12800 

13000. 

run.  nuezs 

run.  nuezs 

Natural  (aa  prlca  (S/K3tu)  ••  3.83 

R.O.K.  coal  (S/K8tu)  »  2.07 

P2  Oil  prlca  (3/KStu)  »  .00 

Stokar  coal  (9/K3tu)  2.36 

PS  Oil  prlca  (S/taui)  »  3.67 

CoaI/U20  etx  (S/K3lu)  ••  3.00 

OPTIOW 

Coal/oll  tslx  (S/KStu)  «  3.30 

Soot  blowar  xultlpllar  «  .0 

Tuba  bank  laod  mltlpllar  *•  .0 

PrlMxy  fual  la  3 

Bottca  aah  pit  aailtlpllar  >•  1.0 

KATURAL  CAS 

S02  control  eailtlpllar  **  .0 

W6  Oil.  2*^2  Oil,  3>HG 

X-XMESTOMr/LSC 


Zn«zt  fctctlon  •*  .03 

i  tcattotac  rmncTOS 

Inflation  &  dlieountlnft  bttt  y«*r  ••  ISSS 
C«n  Infla  indtx  (1SS7  to  btit  yx)  •*  1.040 
^  Cat  Infia  Indax  (ISIS  to  btao  yr)  "  1.000 

Oil  Infla  Indax  (1080  to  baaa  yr)  •*  1.000 

Coal  infla  indax  (1080  to  baaa  yr)  •>  1.000 

Projact  atari  yaar  *•  1000 
Projaet  Ufa  (yr)  >  30 

Dapraelatlon  Ufa  (yr)  “  IS 

Ganaral  Inflation  rata  (X/yr)  ••  0 

Typa  of  saa  aaealatlon  ••  agaa 
Typa  of  oil  aaealatlon  **  aoll 
Typa  of  coal  aaealatlon  ••  aeoal 
Oiaeount  rata  (Z/yr)  *•  10 
Rata  of  ratum  on  Invaat  (Z/yr)  »  17 
Asount  of  worblnt  capital  (oonth)  2 
Fadaral  incoea  tax  rata  (X)  »  34 
Local  prop  tax  (&  Inaue)  rata  (Z)  >•  2 


REAL  ESCAUTIOH  RATE  (Z/vrl 


« 

PUEL 

TYPE  or  FUEL 

ESCALATIOR 

1988 

-1090 

1990 

-1995 

1993 

-2000 

2000  AND 

BEYOND 

Gas 

•s«t 

3.80 

8.87 

5.77 

5.77 

Oil 

aoll 

4.86 

7.87 

4.16 

4.16 

Coal 

accal 

1.16 

2.31 

1.19 

1.19 

4:20  FM 


Oct  21,  1088 
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t!»av[as.r.KKaA.yttm 

Tot«l  sltM  output  *•  IS.O  Kllu/hr  Co»t  bi»o  y«kr  •*  19I( 

lotl«r  eapkclty  f«ctor  •  .407  fclskty  £utL  «*  MTVKAL  UAS 

Kuet)*r  o£  unU«  tot  t«£it.  «>  I 


* 

FVtt/ 

FUEL 

TOTAt 

mirt 

OtHEX 

Cf 

STEAM 

nicE 

CAFITAI. 

Fi!EL 

OkH 

OSH 

TCOiyetO^f _ _ 15075 

tff. 

5/«l« 

V3 

V5 

kS 

V3 

Ktktur*!  («*  boil*; 

— 

.800 

3.80 

.0 

1270.1 

206.8 

222.8 

#2  Oil  fic«<i  boiUr 

«• 

.800 

.00 

.0 

.0 

.0 

.0 

#8  011  fifk-J  boll*r 

.8?9... 

3.07 

.0 

1226.7 

206.8 

.ai,t _ 

Htc;onix«4  eotl  i«£it 

1 

.800 

2.07 

3177.7 

601.0 

426.6 

606.3 

SUitini  bum*;  r4fit 

1 

.809 

2.07 

2268.2 

691.0 

426.6 

686.3 

HoduUr  FK  i4£it 

1 

700 

2.07 

0413.8 

700.7 

402.2 

680.0 

Stobtr  tirint  ;«£iv 

1 

.769 

2.26 

3720.3 

900.7 

402.2 

670.4 

Co«l/w«t*r  tlosty 

1 

.720 

3.00 

2872.4 

1060.6 

402.2 

293.8 

Co«l/oil  alutry 

1 

.789 

3.20 

2273.8 

1100.0 

322.0 

266.0 

tow  Utu  K*«lf|ar  r*flt 

JL_ 

2.26 

0532.0 

1006.8 

37«.0 

931.3 

Faekatcd  «h«ll  ttok*; 

2 

.760 

2.26 

2631.0 

000.7 

402.2 

766.7 

r*el(tc*d  «h*ll  FK 

2 

.760 

2.07 

7033.2 

728.3 

402.2 

776.8 

Fiald  tKctad  «iob«r 

1 

.809 

2.26 

8326.1 

623.7 

403.0 

660.2 

Fi*ld  «r*et«d  FK 

1 

.800 

2.07 

0182.0 

601.0 

470.0 

670.8 

Fulv«rix«d  co«l  boil*; 

1 

.820 

2.07 

0710.0 

672.0 

472.0 

700.6 

CIreulatIn*  FK 

1 

.jno_ 

JL02— 

.UWuff.. 

-F63.4 

403.0 

-Z24J _ 

Ain  rates  raojtCT _ raimLn^JKT, 


TECflflOLOGY 

#  OF 

UNITS 

COAL 

USE, 

lon/vr 

LIFE 

«CLE 

COST. 

OISCOU.STEO 

AS  SP£,HT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PEXIOO, 

_ XJC _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ k5 _ 

BENEFIT/ 

COST 

_ RATIO  - 

H«tu;al  t**  boil*; 

” 

— 

20,224 

1.090 

<—  Existing  ayataca,  prlmaiy  fu*l 

#2  Oil  £i;*d  boil*; 

— 

— 

0 

— 

— 

... 

24.600 

Hietonix*d  coil  ;*£it 

1 

13.027 

16,330 

1.540 

7.0 

20,303 

1.384 

Sl«t|int  bu;n*r  ;*£lb 

1 

13,057 

20,306 

1.390 

12.0 

23,301 

1.196 

Modular  FK  t*£it 

1 

13,222 

20,770 

1.359 

13.1 

24,470 

1.153 

Stoic*;  firinc  c*£it 

Not  applicabl*  baeaua*  axisting  boilar  was  da.'lgnad  tot  #6  oil 

Co*l/wtt*r  alucry 

1 

13,927 

20,821 

1.369 

10.4 

27,605 

1.249 

Coal/oiL  slurry 

Not  avaluaiad 

2 

Unl^iJl 

25.423 

■nin 

22.3 

20.322 

.963 

Paekas*d  shall  stoV.*r 

2 

13,532 

22,667 

1.245 

15.8 

26,050 

1.083 

Packsgad  shall  FK 

2 

13,744 

22,294 

1.266 

15.8 

26,340 

1.071 

Fiald  arsetad  stokac 

1 

12,856 

23,625 

1.195 

18.6 

28,346 

.996 

Fiald  aractad  FK 

X 

13,057 

23,260 

1.198 

18.8 

28,696 

.984 

Pulvarizad  coal  boilar 

1 

12,738 

24.115 

1.170 

20.0 

29,524 

.056 

Circulattna  FEC 

1 

12.895 

24.887 

1.134 

22.0 

30.987 

■  - 

4:20  m  Oct  21.  1988 
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Kvn:  1  X  75  wtu/hr.  ni«.  »m  r?CA»TIC»»  »» Ago  10«7. 
Te(*L  »t«e«9  "  75.0  Wtu/hr 

2otUr  «sp«ettY  Cuctor  «  .*07 
itue:jb*c  o£  unU»  iox  :«{lt  «•  1 

Kyd{At«4  lla*  ptieiW/lon)  •*  *O.CO  COAL  tSOncXTITS 


S««t  biUwif  ’*  .0 

Tub*  bftnJc  iBod  nuUipU«t  «  .0 
*ah  plL  laulttplttc  «  X.O 
S02  cenr.toL  MlLtpIicr  '  .0 
LTMr5T0ltt/LT>« 

ln*tt  friction  ^  .05 


fclMcy  Cu«L  U  3 
»ATL'^  CAS 
X-»»6  OU,  2-n  OU.  3- 


{(0 


Atb  disposal  prle*  (S/ton)  **  10.00 

Sl«ctrlc  prle*  (t*nt*/kWh)  «  5.30 

Ash  frtctlon  “  .000  .OiO 

Labor  rate  <kS/yr)  ••  35.00 

Sulfur  fraetlon  *  .020  .020 

Llsaaton*  prle*  (S/tcn)  ••  20. CO 

BHV  (Bioflb)  -  128C0.  13000. 

wa,  imos 

nnx  nucKS 

ttstural  $**  pcic*  (S/KStu)  •  3.80 

R.O.M.  sual  (3/,18tu)  -  2.07 

V 

#2  011  prle*  (S/MStu)  »  .60 

Stob«r  coal  (S/K3tu)  ••  2.58 

#6  011  prle*  (8/K9tu)  ••  3.67 

Coal/K20  six  (9/KStu)  •>  3.00 

onions 

Cosl/oll  six  (3/HSlu)  -  3.50 

KCOtOflC  rAKAMCTOLS 

Inflation  fc  ditcountlnc  bat*  y4*r  ••  1898 
9  5*n  InfU  Jndtx  (1697  to  b«t*  yr)  *•  1.0*9 

Cat  Infl*  IndtX  (1096  to  bat*  yc)  »  1.090 
Oil  InfU  ind*x  (1980  to  b*t*  yt)  -  l.ooo 
^  Coal  InfU  lnd*x  (1096  to  b««*  ys)  <•  1.000 

Projacl  start  yaac  ••  1090 
frojtet  Ilf*  (yr)  «  30 
Dapraclstton  Ilf*  (yr)  ••  IS 
Canaral  Inflation  rat*  (X/yc)  •  0 

Typ*  of  s*s  •aealation  "  «tas 
Typ*  of  oil  *seBlatlon  ^  *oll 
Typ*  of  coal  «xcalatlon  ••  «eoal 
Discount  rat*  (X/yc)  «  10 
Rat*  of  ratum  on  Invast  (X/yr)  "  17 
Aaount  of  worblnK  capital  (aonth)  -  2 
r*d«tal  Incoe*  tax  rat*  (X)  *  3* 
Local  prop  tax  (&  Inaur)  rat*  (X)  "  2 


REAL  ESCALATTOH  RATE  (i/yr) 

TYPE  OF  FUEL  1098  1630  1995  2000  AMD 


-1990 

-1095 

-2000 

BEYOMD 

Gas 

2.28 

4.70 

5.40 

2.75 

Oil 

anil 

.17 

4.16 

5.55 

2.77 

Coal 

acoal 

1.46 

1.76 

1.61 

.61 

4:25  PM 


Oct  21.  1088 
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naa  mt .  lxjs  wtu/bL-rva JKL-EsamM-r.  tts..mi 

Total  ataia  output  *■  73.0  KStu/hs  Coat  bata  yaar  •*  l9St 

Dollar  capacity  Tactoc  <•  .407  Frlaary  Tual  ••  KATUIlMi  OAS 

Kudbar  o£  unlta  lor  rallt  **  I 


* 

FUEL/ 

FUEL 

TOTAL 

-  ^ 

HAINT 

OTHER 

OF 

STEAM 

reicE 

CAPITAL 

FUEL 

0  A  H 

0AM 

k5 

k3 

k3 

kS 

Natural  |aa  Dollar 

— 

.800 

3.80 

.0 

1270.1 

206.8 

322.8 

#2  011  llrad  Dollar 

“ 

.800 

.00 

.0 

.0 

.0 

.0 

.800 

_3.87  _ 

.0 

Him 

BTIRI 

MlcronUad  coal  rallt 

1 

.800 

2.07 

3177.7 

601.0 

426.6 

Sla((lnt  Dumar  rallt 

1 

.800 

2.07 

3368.3 

601.0 

426.6 

Modular  F8C  rallt 

1 

.700 

2.07 

6413.4 

700.7 

403. S 

StoDar  Clrlnt  tallt 

1 

.780 

2.36 

3730.3 

000.7 

403.3 

670.4 

Coal/watar  alurry 

1 

.730 

3.00 

2873.4 

1060.6 

405.3 

303.8 

Coal/oll  alurry 

1 

.780 

3.30 

2373.8 

1100. 0 

322.0 

366.0 

J 

H-U-1 

374.0 

031.3 

Fackacad  ahall  atokar 

2 

2.56 

3631.0 

000.7 

403.3 

766.7 

Packaiad  ahall  FBC 

2 

2.07 

7033.3 

726.3 

403.3 

776.8 

Flald  aractad  atokar 

1 

2.36 

8326.1 

853.  y 

403.0 

Flald  aractad  FBC 

1 

2.07 

0182.0 

601.0 

470.0 

Pulvarlaad  coal  Dollar 

1 

1^9 

2.07 

0710.0 

673.0 

475.0 

JL_ 

PAH 

ErRHI 

AIR  FORCE  FRWECT _ miVATE  nWtgT. 


TECHHOLOOT 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CTCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PATPACK 

PERIOD, 

_ XT _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ _ 

BENEFIT/ 

COST 

RATIO 

Natural  gaa  Dollar 

— 

— 

21,707 

1.000 

<— -  Existing  ayataa,  primary  ‘.’ual 

#2  011  llrad  Dollar 

— 

— 

0 

— 

.. 

aa*. 

» 

Hlcronlzad  coal  rallt 

1 

13,057 

16,220 

1.196 

11.7 

20,262 

1.075 

Slagging  Dumar  raflt 

1 

13,057 

20,103 

1.070 

19.0 

23,477 

.028 

Modular  FBC  raflt 

1 

13,222 

20,650 

1.055 

22.6 

24,365 

.895 

Stokar  firing  raflt 

Hot  appllcsbla  bacauaa  existing  Dollar 

was  daslgnad  for  #6  oil 

Coal/watar  alurry 

1 

13,927 

20,451 

1.066 

19.4 

22,430 

.072 

Coal/oll  alurry 

Hot  avaluatad 

Low  Btu  aailflar  raflt 

2 

15.156 

25.262 

.663 

>31 

29.157 

.746 

Packagad  ahall  atokar 

2 

13,532 

22,574 

.868 

>31 

25,903 

.842 

Packagad  ahall  FBC 

2 

13,744 

22,179 

.983 

>31 

26,230 

.831 

Flald  aractad  stokar 

1 

12,856 

23,489 

.928 

>31 

26,206 

.773 

Flald  aractad  FBC 

1 

13,057 

23,450 

.930 

>31 

28,582 

.763 

Fulvarlzad  coal  Dollar 

1 

12,738 

24,008 

.908 

>31 

29,413 

.741 

Clreulatina  FBC 

1 

12.895 

24.778 

.880 

>31 

30.875 

.706 

a 


a 
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msc  Ar»!  1  X  75  HBtu/hr.  mt  mL  zscAurioti  -  too 


Total.  atOM  output  73.0 
Sollas  capacity  {aetoc  «•  .407 
Kusbac  of  unite  foe  eaflt  ••  1 
Hydeatad  lima  prlea(S/ton)  *•  40.00 
Aah  dlspoial  prlca  (S/ton)  ••  10.00 
Elactslc  pelea  (eants/kWh)  ••  3.30 
Lkbor  rata  (kS/yr)  '*  33.00 
Llmattona  prlca  (S/ton)  *■  20.00 

no.  mcES 

Hatural  (aa  prlca  (3/K3tu)  »  3.80 
#2  011  prlca  (S/MBtu)  •>  .00 
40  011  prlca  (3/Katu)  >  3.67 
omoKs 

Soot  blowar  multlpliar  ••  .0 
Tuba  bank  nod  nultlpllar  **  .0 
Bottom  aah  pit  nultlpllar  ••  1.0 
S02  control  nultlpllar  ••  .0 
LIMESTOMC/LTME 

Inart  fraction  *■  .03 


Ifltu/hr 


COAL  noratTiEs 


{LSitL. 

5.k5X.*X 

Aah  fraction  *•  .060 

.080 

Sulfur  fraction  *  .020 

.020 

KHV  (Btu/lb)  >  12800. 

13000, 

pun.  PRICES 

R.O.H.  coal  (S/KBtu)  -  2.07 

Stoker  coal  (3/rOtu)  ••  2.38 

Coal/H20  nix  (8/KStu)  -  3.00 

Coal/oll  nix  (S/KBtu)  -  3.30 

Bclnaiy  tuoL  la  3 
HATtntAL  CAS 

WS  Oil,  2-^Z  Oil,  3-!<G 


BOONOKIC  rAXAHETOkS 

Inflation  A  dlacountlnt  baaa  yaar  ••  1688 
Gan  Inf  la  Indax  (1887  to  baaa  yr)  *•  1.010 

Caa  Infla  Indax  (1688  to  baaa  yr)  ••  1.000 

Oil  Infla  Indax  (1688  to  baaa  yr)  ••  1.000 

Coal  Infla  Indax  (1888  to  baaa  yr)  •*  1.000 

Projact  atart  yaar  ••  1680 
Project  Ufa  (yr)  •  30 
Oapraclatlon  Ufa  (yr)  ■■  13 
Ganaral  Inflation  rata  (X/yx)  <*  0 

Typa  of  (aa  aacalatlon  ••  xaro 
Typa  of  oil  aacalatlon  **  xaro 
Typa  of  coal  aacalatlon  ••  xaro 
Dlacount  rata  (X/yr)  ••  10 
Rata  of  return  on  Invaat  (X/yr)  17 
Amount  of  vrorkln(  capital  (month)  *•  2 
Federal  Income  tax  rata  (X)  ••  34 
Local  prop  Lax  (&  Inaur)  rata  (X)  ••  2 


REAL  ESCAIATIOH  RATE  (X/vr) 


II 

TYPE  OF  FUEL 

ESCALATION 

1888 

-1900 

1880 

-1995 

1895 

-2000 

2000  AND 

BEYOND 

Caa 

xtro 

0 

0 

0 

0 

Oil 

xtro 

0 

0 

0 

0 

Coal 

xoro 

0 

0 

0 

0 

4:28  PM 


Oct  21,  1688 


Tot4L  «ta*a  output  ••  73,0  t13tu/hc  Co«t  bail  ytar  *•  lOIS 

Bollac  capacity  factor  ••  .407  Frltuty  fuaL  ••  KATVRAl.  CAS 

Kunbar  of  unita  for  cafit  «>  1 


# 

FUEL/ 

FUEL 

TOTAL 

HAIKT 

OTHER 

OF 

STEAM 

PRICE 

CAPITAL 

FUEL 

0  A  H 

0  A  H 

RiTIRul 

kS 

V3 

kS 

kS 

'tatural  (aa  bollar 

— 

.600 

3.60 

.0 

1270.1 

206.8 

322.8 

xi  ill  ficad  bollar 

.. 

.800 

.00 

.0 

.0 

.0 

.0 

.. 

.800 

3.67 

.0 

522.8 

Hieronlcad  coal  raflb 

1 

.809 

2.07 

3177.7 

601.0 

426.6 

606.3 

Slag(lnc  bumar  raflt 

1 

.800 

2.07 

3368.3 

601.0 

426.6 

605.3 

Modular  FSC  rafit 

1 

.700 

2.07 

6413.8 

700.7 

403.3 

660.0 

StoXar  flrinc  raflt 

1 

.760 

2.S6 

3730.3 

000.7 

403.3 

870.4 

Coalfwatar  alurry 

1 

.730 

3.00 

2873.4 

1060.8 

403.3 

303.8 

Coal/oil  alurry 

1 

.780 

3.30 

2373.8 

1190.0 

322.0 

368.0 

-2_- 

loini 

2.36 

Hals 

Esm 

031.3  _ 

faeXaiad  ahalL  atokar 

2 

.760 

2.36 

3631.3 

000.7 

403.3 

766.7 

Packatad  ahall  FBC 

2 

.760 

2.07 

7033.3 

728.3 

403.3 

776.6 

Flald  aracted  atokar 

1 

.600 

2.36 

8328. 1 

833.7 

403.0 

660.3 

Flald  araetad  FBC 

1 

.800 

2.07 

0182.0 

601.0 

470.0 

670.8 

Pulvarlxad  coal  bollar 

1 

.820 

2.07 

0710.0 

C73.0 

473.0 

700,6 

_)L_. 

_,S10_ 

-2t0?— 

403.0 

_ FBiyATg.raWE?! 


TECHtfOlOOy 

#  OF 

UNITS 

COAL 

USE. 

lon/vr 

LIFE 

CYCLE 

COST. 

DISCOUNTED 

AS  SPENT 

.  k$ 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

_ Yf _ _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ M _ 

BENEFIT/ 

COST 

_ RATIO,. 

Hatural  gaa  bollar 

— 

13,817 

1.000 

<'—  Exlatlng  ayatea,  primary  fuel 

f2  Oil  flrad  bollar 

— 

" 

0 

— 

d6  Oil  fired  boiler 

— 

15.470 

— 

Hleronlzad  coal  raflt 

1 

13,057 

17,256 

.017 

>31 

10,291 

.620 

Slagging  burnar  raflt 

1 

13,057 

19,232 

.822 

>31 

22,466 

.703 

Modular  FBC  raflt 

1 

13,222 

19,883 

.804 

>31 

23,361 

.677 

Stoker  firing  raflt 

Not 

applicable  bacauae  axlatlng  boiler 

waa  daaignad 

for  #6  oil 

Conl/watar  alurry 

1 

13,027 

18,962 

.834 

>31 

20,808 

.737 

Coal/oll  alurry 

Not  evaluated 

Low  Btu  aaslfier  refit 

2 

15.156 

23.857 

.663 

>31 

27.712 

.571 

Packaged  ahall  atokar 

2 

13,332 

21,270 

.744 

>31 

24,612 

.643 

Packaged  ahall  FBC 

2 

13,744 

21,164 

.747 

>31 

23,186 

Field  aracted  atokar 

1 

12,836 

22,297 

.700 

>31 

26,980 

.386 

Field  aracted  FBC 

1 

13,057 

22,485 

.703 

>31 

27,391 

.373 

Pulverized  coal  boiler 

1 

12,738 

23,068 

.686 

>31 

28,447 

.336 

Clrculatinx  FBC 

1 

12.895 

23.826 

.664 

>31 

29.897 

.329 

i 
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PLATTSBUKGU  AFB:  SAC 


1 .  BACKGROUND 

Placcsbutrgh  AFB  Is  located  near  Plattsburgh,  New  York*  The  main 
boiler  plant  (building  2658)  has  6  x  SO-HBtu/h  boilers  Firing  the 
design  Fuel,  No.  6  oil.  The  boiler  plant  produces  pressurized  hot 
water  with  temperatures  up  to  about  AOO'F.  The  yearly  average  Fuel 
use  is  roughly  83  HBtu/h. 

2.  HEATING  PUNT  UNITS 
Heating  Plant  No.  2658: 

A  X  50  HBtu/h,  International  Boiler  Works,  1955 
2  X  50  HBtu/h,  Combustion  Engineering,  1957 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  Factors  listed  below  were  calculated  From  monthly 
Fuel-use  data  For  plant  No.  2658. 


FY  1987 

FY  1988 

» 

Fuel 

ideal 

ideal 

input 

capacity 

capacity 

(HBtu/h) 

Factor 

Factor 

w 

AO 

0.96 

0»95 

50 

0.99 

0.90 

70 

0.83 

0.81 

90 

0.76 

0.75 

100 

0.73 

0.72 

A.  ENERGY  PRICES 

FY  1986  Price 

Data: 

■ 

Year  j 

average 

End  oF  yea: 

Distillate 

$5.90/HBtu 

Same 

Residual 

$5.08/HBtu 

Same 

• 

Electric 

$17.3/HBtu 

=  5.91c/kWh 

6.3c/kWh 

G.  H.  Guernsey  and  Co.  Survey; 


The  most  recent  costs  From  the  C.  H.  Guernsey  and  Co.  survey  agree 
with  the  FY  1986  costs. 


COAL  PROPERTIES  AND  PRICES 

Stoker 

ROM 

Origin 

Si ago.  Pa. 

Slago,  Pa 

UHV,  Btu/lb 

13,000 

12,800 

%  Ash 

7-9 

8-10 

%  Sulfur 

1.8-2. 2 

1.8-2. 2 

%  Nitrogen 

1.32 

1.30 

Ash-softening  temperature,  * 
Swelling  index 

F  2500 

2300 

6—8 

6-8 

Top  size,  in. 

1  5/8 

2 

Bottom  size,  in. 

1/2 

0 

Pines,  Z 

5 

Grindability  index 

50-55 

50-55 

Cost  at  mine,  $/ton 

AO 

26.50 

Delivered  cost,  $/ton 

6A.00 

50.50 

Energy  cost,  ^/lO^  Btu 

2.A6 

1.97 

ENVIRONHENTAL  RECUUTIONS 

6.1  Air  Pollution  Emission 

Limits  for  New 

Sources 

so,.  No  emltfion  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBcu/.h:  FBC  -  90.t  reduction  to  meet  limit  of  1.2  Ib/HBtu; 
emerging  technology  -  50Z  reduction  to  meet  limit  of  0.6 
Ib/HBtu. 

NOy.  No  emission  limits  for  boilers  <100  HBtu/h;  for  boilers 
>100  HBtu/hJ  spreader  stoker  and  FBC  -  0.6  Ib/MBtu;  pulverized 
coal  -  0.7  Ib/HBtu. 

Particulates.  For  boilers  >100  HBtu/h:  0.05  Ib/HBtu. 

6.2  Coal-Pile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L. 

6.3  Ash  Disposal 


Ashes  are  classified  as  nonhazardous  solid  waste  and  may  be 
disposed  of  in  any  approved  sanitary  landfill. 

OTHER  CONSIDERATIONS 

None 

COAL  CONVERSION  PROJECT  OUTLOOK 

Based  on  load  data,  a  refit/replacement  project  would  probably 
involve  one  50-HBtu/h  output  (~63  HBtu/h  fuel  input)  boiler.  The 
overall  capacity  factor  is  estimated  to  be  about  assuming  90% 

equipment  availability. 
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8.1  Effect  o£  Envxronmencal  RcRuIations  on  Selection  o£  Combmtion 
Technologlea 

SO,  and  KO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  ulthout  requiring  any  measures  for 
or  SOj  reduction  since  the  proposed  conversion  project  is 
smaller  than  100  HBtu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  No.  6  oil,  so  return  to  stoker  is  not  possible. 
There  is  space  available  for  installing  coal-combustion  equip¬ 
ment  at  the  existing  boiler  or  for  construction  of  a  new  boiler 
at  another  site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for  install¬ 
ing  coal-handling  equipment  at  the  existing  boiler. 

Coal  Pile.  There  is  space  available  for  a  coal  pile  at  the 
existing  boiler  plant  or  at  a  new  site  on  base. 

8*3  Technical  Risk  of  Combustion  Technologies 

The  existing  boilers  are  designed  for  Mo.  6  oil-firing  and 
therefore  are  not  suitable  for  conversion,  to  stoker-firing.  The 
least  teachnical  risk  would  be  for  installation  of  a  new  stoker 
boiler.  The  refit  technologies  would  have  greater  technical 
risks  because  of  lack  of  operating  experience,  and  all  of  them 
would  be  of  the  same  order  since  no  SOj  removal  is  necessary. 

COGENERATION  PROJECT  OUTLOOK 

The  prospects  for  a  coal-fired  cogeneration  system  appear  to  be 
interesting.  The  minimum  average  monthly  electrical  load  is  fairly 
low,  3.2  HVe,  but  the  price  of  electricity  is  moderately  high, 
6.3c/kHh.  Based  on  the  FY  1986  energy-use  data,  a  cogeneration 
plant  with  a  boiler  rating  of  6^-HBtu/h  output  and  a  3-HWe  turbine- 
generator  would  have  an  electrical  power  capacity  factor  of  90Z  and 
a  peak  thermal  output  of  40  HBtu/h,  with  a  thermal  energy  capacity 
factor  of  about  65%  if  used  as  a  baseload  heating  plant.  A  water- 
tube  boiler  with  a  steam  rating  of  1200  psia  and  900*F  would  be  the 
most  suitable  boiler  for  this  cogeneration  system. 
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10.  iKFUT  A»o  Lcc  sfrcaosbeets 


ruTTggmca  Ann  m  3o  Hotu/hr.  tcoxoMic  rAKAtcrm »» jcmmL  yAtm 


Total  *t«MB  output  ••  30.0 
Dollar  capacity  factor  *•  .76t 
/unbar  of  unlta  for  raflt  ••  1 
Hydratad  llaa  prlea(8/ton)  *•  10.00 
Ath  dlipotal  prlca  (9/ton)  •*  10.00 
Elactrlc  prlca  (canta/kWh)  ••  6.30 
Labor  rata  (kS/yr)  *•  39.00 
Llaaatcna  prlca  (S/ton)  **  .30.00 
FUEL  nUCES 

Katural  |ai  prlca  (3/KStu}  ••  .00 
#2  OIL  prlca  (S/KSlu)  *  .00 
#6  OIL  prlca  (S/K3tu)  «  3.67 
omORS 

Soot  blowar  nuLtlpLlar  •*  .0 
tuba  bank  nod  nuLtlpLtar  **  1.0 
Bottcn  aah  pit  auLtlpllar  1.0 
S02  control  nuLtlpllar  •  .0 
LIMESTCME/LIME 

Inart  fraction  ••  .09 


K8tu/hc 


COAL  ntonuTiEs 

Eifiilii.  Stokar 
Ath  fraction  «  .090  .060 

Sulfur  fraction  ••  .020  .020 

KHV  (Btu/lb)  «  12900.  13000. 
FUEL  RICES 

R.O.K.  coal  (S/KStu)  ••  1.B7 
Stokar  coal  (S/KStu)  »  2,16 
Coal/1120  BlX  (S/K8tu)  ••  3.00 
CoaL/olL  nix  (3/K8tu)  •*  3.90 

Frlnary  fuaL  la  1 
#6  FUEL  OIL 

W6  Oil,  2»#2  Oil,  r  0 


ECOIt&HlC  FAlUHCTEItS 

Inflation  k  dlacountlng  bata  yaar  "  1988 
Can  Infla  Indax  (1087  (3  bata  yc)  »  1.010 

Gat  Infla  Indax  (1088  to  bata  ys)  •  1,000 

Oil  Infla  Indax  (1088  to  bata  yt)  ••  1.000 

Coal  Infla  Indax  (1088  to  bata  yr)  "  1.000 

Frojact  start  yatr  1090 
Frojaet  Ufa  (yr)  ••  30 
Dapraclatlon  Ufa  (yr)  «  19 
Canaral  Inflation  rata  (X/yr)  ••  0 

Typa  of  sat  aacalatlon  ~  agat 
Typa  of  oil  aacalatlon  «•  toll 
Typa  of  coal  aacalatlon  “  acoal 
Discount  rata  (Z/yr)  •*  10 
Rata  of  ratum  on  Invest  (Z/yr)  ••  17 
Anount  of  working  capital  (caonth)  >  2 
Fadaral  Incona  tax  rata  (Z)  ••  31 
Local  prop  tax  (&  Intur)  rata  (Z)  ••  2 


REAL  ESCAUTIOH  RATE  (Z/yr). 


H 

TYPE  or  FUEL 

ESCALATION 

1088 

'1990 

1090 

-1995 

1099 

-2000 

2000  AND 

BEYOND 

t 

Cat 

agaa 

3.89 

8.87 

9.77 

5.77 

Oil 

aoll 

1.85 

7.87 

1.16 

1.16 

Coal 

acoal 

1.16 

2.31 

1.10 

1.19 

2:19  FM 


Jan  1,  1989 


mmBWfflLAnn_i Bowang  rm/tiEms  »  mamal  mwa 

Tot«l  (t«M  output  *•  30.0  KBtu/hr  Coit  b*(«  y«ar  ^  ISIB 

Bolltt  capacity  factor  ••  ,704  frloMry  fual  <»  46  ruZL  OIL 

Kunbar  of  unlta  for  raflt  «  I 


4 

FUEL/ 

FUEL 

TOTAL 

HAI«T 

OTHEH 

OF 

STEAM 

FXICE 

CAPITAL 

FUEL 

0  6H 

0  &  M 

TECTWLCOIf _ urns 

EFF 

s/iatu 

kS 

.  k5 

>3  _ 

kS 

ttatucaL  (aa  boUar 

•lao 

.600 

O 

o 

• 

.0 

.0 

.0 

.0 

#2  011  flrad  boliar 

" 

.600 

.00 

.0 

.0 

.0 

.0 

«  OU  flrad  boliar 

... 

_.iao  _ 

3.67 

.0 

1333.1 

163.4  _ 

_  401.1 

Hleconixad  coal  raflt 

1 

.600 

1.07 

2334.4 

624.0 

366.2 

674.7 

Slaiilnt  bucnar  raflt 

1 

.800 

1.07 

4442.6 

024.0 

366.2 

674.7 

Modular  FBC  raflt 

1 

.7S0 

1.07 

31U.7 

634.3 

330.4 

630.3 

Qtokar  flslnt  raflt 

1 

.760 

2.46 

3034.0 

1083.2 

330.4 

636.2 

Caal/watar  alurry 

1 

.730 

3.00 

2366.4 

1338.3 

330.4 

363.7 

Coal/oU  alurry 

1 

.760 

3.30 

2131.1 

1301. 0 

270.0 

336.2 

Low  Blu  aaairiar  raflt 

.670 

2.46 

4160.0 

1215.1 

323.2  _ 

610.4 

Fackafad  ahalL  atokar 

1 

.760 

2.46 

3347.4 

1063.2 

330.4 

630.2 

Fackatad  ahalL  FK 

1 

.760 

1.07 

4323.6 

667.4 

330.4 

630.0 

Flald  aractad  atob*; 

1 

.600 

2.46 

6407.4 

1020.0 

346.3 

623.7 

Flald  aractad  FSC 

I 

.600 

1.07 

7133.3 

824.0 

407.0 

630.1 

FuLvarlaad  coaL  boliar 

1 

.620 

1.07 

7362.3 

603.0 

411.2 

676.6 

gtrvilotlni.fK _ 

-L- 

-aSlg- 

_L1L_ 

716J_ 

AlH  FORCE  raOJfCT _ rRlVATC  WOJtCT 


TECKNOIOOY 

#  OF 

UMITS 

COAL 

USE. 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCCUKTEO 

AS  SPENT 

kS 

BENEFIT/ 

COST 

_  RATIO 

DISCOUNTED 

PAYBACK 

PERIOD, 

vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

k?_ 

BENEFIT/ 

COST 

RATIO 

Hatural  sas  boliar 

“ 

— 

0 

62  Oil  flrad  boliar 

— 

0 

— 

66  011  flrad  boliar 

— 

28.660 

1.000 

<—  Existing. sYstag.  prlnarY.fual 

Hleronlxad  coal  raflt 

1 

16.330 

18,338 

1.362 

3.6 

20,121 

1.423 

Slatslng  bumar  raflt 

1 

16.330 

10,010 

1.440 

6.3 

22,643 

1.266 

Modular  FBC  raflt 

1 

16,346 

20,220 

1.416 

0.1 

23,260 

1.232 

Stokar  firing  raflt 

Not  applicable  baeausa  existing  boliar  was  daslgnad 

for  #6  oil 

Coal/watar  alurry 

1 

17.420 

22,163 

1.293 

0.1 

24.070 

1.102 

Coalfoll  alurry 

Not  evaluated 

1 

23.083 

1.196 

13.0 

26.692 

1.074 

Packagad  ahall  atokar 

1 

16.033 

21,141 

1.337 

6.6 

23,467 

1.222 

Fackagad  shall  FBC 

1 

17.100 

20,047 

1.431 

6.3 

22,816 

1.257 

Flald  aractad  atokar 

1 

16,088 

22,072 

1.246 

13.4 

26,763 

1.071 

Flald  aractad  FBC 

1 

16,330 

22,208 

1.266 

12.6 

26,401 

1.086 

Pulvarlxad  coal  boliar 

1 

13,041 

22,700 

1.263 

13.7 

27.033 

ID 

O 

Circulatina  FBC 

1 

16.138 

23.301 

1.231 

_ 15,0 _ 

28.085 

1.0^1 _ 

218 


rumiitwcg  Km  %  x  50  miu./hr.  mt  krm,  kcamtiqii  «>  act  lox? 


Total  ataaas  output  ••  SO.O 

K3iu/hr 

Boiler  capacity  factor  *■  .784 

Xuabar  cf  units  (or  rafit  ••  1 

Hydratad  lisa  priea(S/ton)  ••  40.00 

COAL  nuomTizs 

Ash  disposal  price  (O/ion)  «  10.03 

R.O.H. 

Claetrlc  priea  (eantsilUh)  «•  0.30 

Ash  fraction 

-  .093 

.080 

Labor  rata  (k3/yr>  ••  3S.03 

Sulfur  fraction 

••  .030 

.OZO 

Llcsastona  pries  (0/ton)  *  Z9.00 

mtv  (8tu/lb) 

••  1Z830. 

13000. 

ntu  mas 

7m  macs 

Xatural  (as  pries  (S/H3tu)  *•  .03 

R.O.H.  coal  (0/KStu) 

-  1.07 

#Z  Oil  price  (S/H3tu)  •>  .03 

Stoker  coal  (3/K3tu) 

••  Z.46 

#6  Oil  pries  (S/K8tu)  "  3.07 

Coal/KZO  Rlx  (S/K3tu) 

<»  3. 00 

omens 

Coal/oil  nix  (S/KSlu) 

••  3.30 

Soot  blower  isultipliar  **  .0 

Tubs  banh  aod  mltipliar  •<  1.0 

frliMry  fual  la  1 

Bottoa  ash  pit  nultlpliar  ••1.0 

#6  niSL  OIL 

SOZ  control  oultlpliar  ••  .0 

l-f8  Oil,  Z-#Z  Oil,  3-XO 

UHESTOnC/LIHe 

Inert  fraction  "  .03 

txxNOKic  rtMMvras 

IntUtlon  &  dueountlnt  b«i«  y«ir  *  168B 
G*n  ln£l«  Indtx  (i987  to  bit*  yc)  ••  l.OtO 

C«t  in£l*  ind«x  (1088  to  btt*  yr)  ••  1.000 

Oil  IntU  Indtx  (1088  to  b(t«  yc)  ••  1.000 

Coal  Infla  Indax  (1088  to  btaa  yc)  ••  1.000 

Fcojaet  ttact  y«ar  •>  1000 
Pcojaet  li£a  (yc)  ••  30 
Dap: relation  liCa  (yr)  *•  IS 
Canacal  Inflation  cata  (S/yc)  •*  0 

Typa  o£  (aa  aicalatlon  ••  ataa 
Typa  o£  oi]  asealation  ••  toil 
Typa  o£  coal  asealation  ••  acoal 
Discount  rata  (X/yr)  •*  10 
Rata  of  zatum  on  invast  (X/yr)  ••  17 
Aaount  of  wozkins  capital  (sonth)  ••  Z 
Fadarcl  Ineooa  tax  rata  (X)  ••  3t 
Local  prop  tax  (S.  insur)  cats  (X)  ••  Z 


f» 


i 


PT-AL  tyCAUTlOH  RATE  (X/vr) 


HI 

TTPE  OF  FUEL 

ESCALATIOM 

1088 

-1990 

1090 

-1095 

1993 

-2000 

2000  AKD 

BEYOND 

Gas 

•S«8 

Z.Z8 

4.70 

3.49 

2.75 

Oil 

soil 

.17 

4.16 

5.53 

2.77 

Coal 

ocoal 

1.46 

1.76 

1.61 

.61 

11:48  AH  Jan  11,  1089 
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rUTTSgWgi  AW?  1  X  M  MBtu/hr.  rUH,  KtAL  tSCAIMVX  »  OO  \U7 
TottL  sl*«it  output  ••  30.0  KStu/hr  Coit  b*(«  y*iic  *  1911 

8oll*r  G«p*city  (actor  •>  ,76^  PrlBary  (uaL  ••  #0  FUCl  OIL 

Kudbar  o(  unlti  for  cadt  •*  1 


AHWAL  CQST^ 


* 

rvtL/ 

FUEL 

TOTAL 

MAIN! 

OTKEA 

OF 

STEAM 

FWCE 

ariTAL 

FUEL 

OAK 

OAK 

I?i9 

kU 

kS 

kS 

_  kS 

Katucal  (aa  hollar 

— 

.100 

.00 

.0 

.0 

.0 

.0 

#2  OIL  drad  hollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

.100 

3.67 

.0 

1533.1 

165.4 

491.1 

Klcronliad  coal  radt 

1 

.800 

1.87 

2334.4 

824.0 

368.2 

874.7 

Slagflnt  humar  radt 

1 

.800 

1.97 

4442.8 

824.0 

368.2 

874.7 

Modular  riC  radt 

1 

.780 

1.87 

3111.7 

834.3 

330.4 

630.3 

Stokar  drlnc  cadi 

1 

.780 

2.A6 

3ri4.9 

1083.2 

330.4 

636.2 

Coal/watar  alurry 

1 

.730 

3.00 

2503.4 

1338.3 

330.4 

363.7 

Coal/oll  alurry 

1 

.780 

3.30 

2131.1 

1301.6 

278.0 

338.2 

J 

nm 

4169.9  . 

Fackatad  ahall  atekar 

1 

.780 

2.A6 

3347.4 

1083.2 

330.4 

636.2 

Fackaiad  ahall  F9C 

1 

.760 

1.87 

4323.8 

867.4 

330.4 

630.9 

Flald  araetad  atokar 

1 

.800 

2,46 

6487.4 

1029.0 

348.3 

623.7 

Flald  araetad  FBC 

1 

.800 

1.97 

7133,3 

824.0 

407.0 

630,1 

Fulvarlxad  coal  hollar 

1 

.820 

1.97 

7362.3 

803.9 

411.2 

676.6 

-.118- 

-1.8L 

-UUL. 

-3*8.?  ... 

_716JL 

Air.,r«a.raWEgT _ raiVATt  rawtcr 


IKBUOLOOY 

#  OF 

UMITS 

COAL 

USE, 

ton/Yr 

LIFE 

CTCU 

COST, 

OISCOUHTEO 

AS  SFEHT 

kS 

BEHEFIT/ 

COST 

RATIO 

DISCCUKTEO 

PATSAtiC 

PERIOD, 

vr 

LIFE 

CYCLE 

OMT, 

DISCOUKTEO 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

natural  (aa  boiler 

0 

#2  Oil  drad  hollar 

— 

— 

0 

— 

#6  011  drad  hAllar 

— 

— 

23.343 

1.000 

<—  gxlatlna  iva taw.  prlnarY  (ual 

Hlcrcr.ixad  coal  radt 

1 

16,339 

18,227 

1.281 

8.7 

19,987 

1.168 

Slaiglnt  humar  radt 

1 

16,339 

19,766 

1.160 

13.4 

22,310 

1.037 

Modular  FBC  radt 

1 

16,346 

20,087 

1.162 

14.6 

23,144 

1.009 

Stokar  drlnc  radt 

Hot  applleabla  baeauaa  axlattng  hollar  waa  daalgnad  for  ^6  oil 

Coal/watar  alurry 

1 

17,429 

21,970 

1,062 

19.7 

23,832 

.979 

Cocl/oll  alurry 

Hot  evaluated 

1 

■IKIM 

23.790 

>31 

26.493 

.881 

Packagad  ahall  stokar 

1 

16,933 

20,869 

1.113 

16.1 

23,290 

1.002 

Packaged  ahall  FBC 

1 

17,199 

19,909 

1.172 

13.8 

22,674 

1.029 

Flald  araetad  atokar 

1 

16,066 

22,609 

X.023 

26.6 

26,617 

.877 

Field  araetad  FBC 

1 

16,339 

22,167 

1.033 

23.1 

26,266 

.869 

Pulvarlzad  eoal  hollar 

1 

13,941 

22,381 

1.034 

23.4 

26,901 

.868 

Circulatina  FBC 

1 

16.138 

23.172 

1.007 

29.6 

-  2^951 

.833 

11:AB  AM  Jan  11,  1969 
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R^TTSBWgw  An»t  I  X  50  wtM/br.  ma  Wjg  tscAi^Tiow  »  torn 


Total  atam  output  "  30.0 

K8tu/hr 

Bollac  capacity  factor  •*  .761 

Rusbac  Of  unlta  for  raflt  «  1 

llydratad  Ilea  prlca(S/ton)  «  10.09 

COAL  nomTics 

Aah  dtapoaal  prUa  (S/ton)  <■  10.00 

R.O.H. 

Elactrle  prlea  (eanta/kWh)  •<  6.30 

Aah  fraction  •*  .090 

.080 

Labor  rata  (k3/yr)  ••  33.00 

Sulfur  fraction  *•  .020 

.020 

Ltnaatona  prlea  (6/ton)  ••  20.00 

HtJV  (Btu/lb)  »  12800. 

13000. 

FUEL  miccs 

FUEL  PRICES 

)(aturaL  s*s  prlca  (3/KStu)  ••  .00 

R.O.H.  coal  (S/K3tu)  •  1.97 

tZ  Oil  prlea  (C/KStu)  »  .00 

Stokar  coal  (S/KStu)  *  2.16 

#6  Oil  prlea  (3/KSlu)  ••  3.67 

Coal/H20  Btx  (S/KStu)  ••  3.00 

OPXIOHS 

Coal/oll  alx  ;.3/K3tu)  «  3.30 

Soot  blowar  aultlpllar  ••  .0 

Tuba  bank  nod  eultlpllar  «  1.0 

Primary  fual  la  1 

Eottoa  aab  pit  eultlpllar  <*  1.0 

#6  FUEL  OIL 

S02  control  aultlpllar  ••  .0 

W6  Oil,  2*^2  Oil,  S^.SO 

UHtsroKtiUHn 

Inart  fraction  «  .03 

ixxtmanc  pakakctdis 

Inflation  &  dlicountlnt  b*tt  y««r  "  19fl8 
Can  Infl*  ind«x  (1987  to  baf«  yr)  •>  },010 

C«a  InfU  Indax  (1988  to  ba*«  yr)  •<  1.000 

Oil  Infla  Indax  (1988  to  bait  yr)  •  1.000 

Coal  infla  indax  (1988  to  baaa  yr)  >•  1.000 

Projaet  atact  yaat  ••  1990 
Pfojaeb  Ufa  (yr)  «  30 
Dapraelation  Ufa  (yr)  ••  13 
Canaral  Inflation  rata  (X/yr)  »  0 

Typa  of  taa  aacalatlon  ••  taro 
Typa  of  oil  aacalatlon  •  xaro 
Typa  of  coal  aacalatlon  ••  saro 
Olacount  rata  (Z/yr)  *•  10 
Rata  of  ratucn  on  Invaat  (Z/yr)  •*  V 
Anount  of  t<orklns  capital  (aonth)  >  2 
Fadaral  Incoaa  tax  rata  (Z)  ••  31 
Local  prop  tax  (&  Inaur)  rata  (Z)  ••  2 


1 


REAL  ESCAIATIOH  RATE  (Z7vr) 


TYPE  OF  FUEL 

1080 

1990 

1993 

2000  ARD 

FUEL 

EECALATI0.1 

BfYOHD 

Gaa 

zero 

0 

0 

0 

0 

Oil 

z»xo 

0 

0 

0 

0 

9- 

Coal 

zero 

0 

0 

0 

0 

11:32  A.'l  Jan  11,  1089 
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rvaiiM,  "..zhw 

TottL  it«w4  output  *•  30.0  KSlu/hr  Cost  b*t«  y(«c  ••  19S8 

SoiUc  c«p*cliy  ftctOE  «  .784  FrlM«ry  fu«l  •  #8  FUU.  OIL 

Husbtr  ot  units  for  xs£lt  ••  I 


* 

ruo./ 

wst 

TOTAL 

HAIKT 

OTKOl 

or 

ST£AM 

tWCE 

CAHTAL 

rUEL 

OEM 

0  8  H 

itsiT? 

Ba9 

VS 

VS 

VS 

kS  . 

HslucsL  tit  bollsr 

.100 

.00 

.0 

.0 

.0 

.0 

n  OIL  81t«4  bollsr 

— 

.800 

.00 

.0 

.0 

.0 

.0 

«. 

..808. 

3.67 

.0 

1535.1 

165.4 

401.1 

MlCEOnltsd  coal  callt 

1 

.890 

1.07 

2334.4 

824.0 

368.2 

674.7 

SUctlnc  burnar  rallt 

1 

.800 

1.07 

4442.8 

124.0 

388.2 

674.7 

Hodulac  F8C  taflt 

1 

.790 

1.07 

3111.7 

834.3 

330.4 

630.3 

StoVsr  fltlnt  ra£lt 

l 

.769 

2.48 

3034.0 

1083.2 

350.4 

636.2 

Coal/wattr  slurry 

1 

.730 

3.00 

2388.4 

1338.3 

350.4 

363.7 

CosL/oiL  slurry 

1 

.780 

3.30 

2131.1 

1301.0 

279.0 

338.2 

.879 

2.46 

41R9.0 

•  10.4 

rscVasad  shall  stoVar 

1 

.760 

2.46 

3347.4 

1063.2 

350.4 

636.2 

FaeVtsad  shall  FBC 

1 

.760 

1.07 

4323.8 

867.4 

330.4 

630.0 

Flald  araetad  stokar 

1 

.600 

2.46 

6407.4 

1029.0 

348,3 

623,7 

Flald  araetad  FBC 

1 

.600 

1.07 

7133.3 

824.0 

407. U 

630,1 

Fulvarlsad  coal  hollar 

1 

.820 

1.07 

7362,3 

803.0 

411,2 

676.6 

Clfculatlns  FBC _ 

-i- 

-ng . 

1-OV 

■...S*?3u6., 

-012x9— 

0*00 

. .oitxL.- 

TECRWIWY 

4  or 

WITS 

COAL 

USE, 

ton/Yr 

_ AIR  Fft^CE  7P.OJECT _ 

.  private 

PROJECT 

LIFE 

CYCLE 

tosr. 

OlSCOOKTtO 

AS  SPENT 

VS 

EEHEFIT/ 

COST 

RATIO 

DISCOUHTEO 

FATBACK 

FE2100. 

Yr 

LIFE 

CTCU 

COST, 

DISCOUHTEO 

AS  SFEHT 

kS 

BENEFIT/ 

COST 

RATIO 

Katural  gas  hollar 

0 

— 

42  OIL  tlrad  hollar 

— 

— 

0 

— 

86  011  flrad  hollar 

» 

17.265 

l.OOO 

<—  Exlftlni  sYStao.  nrlBanr  tual 

Hlcronlzad  coal  rallt 

1 

16,339 

17,070 

1.011 

21.3 

18,806 

.018 

Slagilnt  humar  rs£lt 

1 

16,330 

18,640 

.026 

>3i 

21,330 

.609 

Modular  FBC  raflt 

1 

16,346 

18,025 

.012 

>31 

21,940 

.787 

Stoker  tiring  ratlt 

Hot 

applleahls  haeausa  existing  hollar  was  dailgnad  tor  #6  oil 

Coal/watar  slurry 

1 

17,420 

20,106 

.630 

>31 

21,034 

.787 

Coal/oll  slurry 

Hot  avaluatad 

liUlUlUUU  111411 

1 

■M-m 

>31  . 

Packagad  shall  stokar 

1 

16,033 

10,461 

.687 

>31 

21,738 

.704 

Fackagad  shall  FBC 

1 

17,190 

16,701 

.923 

>31 

21,432 

.806 

Flald  araetad  stokar 

1 

13,088 

21,375 

.608 

>31 

23,143 

.687 

Flald  araetad  FBC 

1 

16,330 

21,019 

.621 

>31 

23,066 

.688 

Pulvsrizad  eoal  hollar 

1 

15,041 

21,462 

.604 

>3> 

25,750 

.671 

1 

16.138 

22.038 

.783 

_ til _ 

26.786 

.645 

11:S2  AM  Jsn  11.  1989 
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U3AF  ACADEMY:  USAFA 


I .  BACKCROUND 


The  USAF  Academy  is  Located  10  mites  north  of  Colorado  Springs, 
Colorado.  There  are  two  boiler  plants  of  significance  at  the 
Academy,  both  of  which  produce  pressurized  hot  water.  Natural  gas 
is  the  primary  fuel,  and  No.  5  fuel  oil  (150,000  HBtu/gal}  m  the 
reserve  fuel.  All  boilers  are  water-tube  type,  and  were  designed 
for  No.  5  oil/gas  firing.  Only  plant  No,  2560  was  considered  in  the 
LCC  analysis.  The  yearly  average  fuel  use  at  plant  No.  2560  is 
roughly  64  MBtu/h. 

2.  HEATING  PUNT  UNITS 
Heating  Plant  No.  2560; 

3  X  100  HBtu/h,  Combustion  Engineering,  1957 
80  HBtu/h,  Boiler  Engineering  and  Supply  Co.,  1968 

Heating  Plent  No.  8026; 

2  X  jO  H3tu/h,  Combustion  Engineering,  1957 

3.  IDEAL  CAPACITY  FACTOR  ANALYSIS 

The  ideal  capacity  factors  I'sted  below  were  calculated  from  monthly 
fuel-use  data  for  plant  No.  2560. 


FY  1986 

FY  1987 

Fuel 

ideal 

ideal 

input 

(MBtu/h) 

capacity 

factor 

capacity 

factor 

50 

0.87 

0.90 

60 

0.82 

0.86 

70 

0.79 

0.81 

80 

0.75 

0.76 

90 

0.70 

0.72 

100 

0.64 

0.65 

no 

0.58 

0.59 

ENERGY  PRICES 


FY  1986  Price  Data: 


Electricity  =  3.5c/kWh  at  year  end 

Natural  gas  =  $3.8/HBtu 

No.  5  oil  =  very  little  purchased 


223 


l 


0 


Eleccricity  “  3.5c/kWh 
HbcucaI  gas  B  ^3.5/KBtu 
No.  5  oil  “  no  value  given 


Leccer  from  USAP  Academy  (lQ/S/88): 


Eleccricity  =  3.76c/kWh 

Natural  gas  »  ^2.S6/HBtu 

No.  5  oil  «  $0. 65/gal  $4.33/KBcu 


The  gas  contract  is  incerr»^pcible,  but  the  gas  supply  ii  rarely 
interrupted. 


5.  COAL  PROPERTIES  AND  PRICES 


Stoker  ROH 

Origin 
HHV,  Btu/Lb 
X  Ash 
X  Sulfur 
X  Nitrogen 

Ash-softening  temperature,  *P 
Swelling  index 
Top  size,  in. 

Bottom  size,  in. 

Fines,  X 

Crindability  index 
Cost  at  mine,  $/con 
Delivered  cost,  §/ton 
Energy  cost,  ^/lO^  Btu 

6.  ENVIRONMENTAL  REGULATIONS 

6.1  Air  Pollution  Emission  Limits  for  New  Sources 

SO,.  No  emission  limits  for  boilers  <100  MBtu/h;  for  boilers 
>100  HBtu/h:  FBC  -*  90X  reduction  to  meet  limit  of  1.2  lb/ 
HBtu;  emerging  technology  —  50X  reduction  to  meet  limit  of 
0.6  Ib/HBtu. 

NOy.  No  emission  limits  for  boilers  <100  HBCu/h;  for  boilers 
>100  HBcu/h;  spreader  stoker  and  FBC  —  0.6  Ib/HBtu;  pulverized 
coal  —  0.7  Ib/MBtu. 

Particulates.  For  boilers  >100  HBr  i,05  Ib/MBtu. 

6.2  Conl-Pile  Runoff 

Limit:  Total  suspended  solids  -  50  mg/L. 


Axial,  Colo. 

Axial, 

11,000 

10,700 

A. 3 

4.9 

0.A2 

0.36 

1.39 

1.39 

2300 

2300 

0 

0 

1  1/2 

2 

3/8 

0 

10-15 

50 

50 

22 

15 

32 

25 

1.45 

1.17 

6.3  Ash  Disposal 


Ashes  may  be  disposed  of  in  special  disposal  sices  owned  by 
privaco  conCracCors  wich  a  permic  called  "CerCificace  of  Desig¬ 
nation." 

OTHER  CONSIDERATIONS 

HeaC  plane  No.  2560  is  capable  of  producing  425  psig  hoc  water  but 
operates  at  about  185  psig.  The  design  pressure  for  heat  plant 
No.  8026  is  275  psig. 

COAL-CONVERSION  PROJECT  OUTLOOK 

A  coal  refic/replacemenc  project  would  involve  the  80-HBcu/h  output 
(-100-HBtu/h  fuel  input)  unit  in  plant  No.  2560.  The  overall  capac¬ 
ity  factor  for  a  project  uF  this  size  is  estimated  to  be  58Z, 
assuming  90Z  availability. 

8.1  Effect  of  Environmental  Regulations  on  Selection  of  Combustion 
Technologies 

SO,  and  NO^.  Any  of  the  combustion  technologies  being  consid¬ 
ered  could  be  employed  without  requiring  any  measures  for  NOj^ 
or  SOj  reduction  since  Che  proposed  conversion  project  is 
smaller  chan  100  HBcu/h. 

Particulates.  Bag  filters  or  electrostatic  precipitators  would 
be  required  to  comply  with  the  particulate  emission  limits. 

8.2  Physical  Space  and  Aesthetics 

Heating  Plant.  The  existing  boiler  plant  was  originally 
designed  for  No.  5  oil.  There  is  only  space  available  for 
installing  coal-waCer-mixture  combustion  equipment  at  the 
existing  boiler  or  for  construction  of  a  new  boiler  at  another 
site  on  base. 

Coal-Handling  Equipment.  There  is  space  available  for 
installing  dry  coal-handling  equipment  at  the  existing  boiler 
plant,  but  there  is  enough  space  for  installing  coal-water- 
mixture  equipment. 

Coal  Pile.  There  is  ^  space  available  for  a  coal  pile  at  the 
existing  boiler  plant,  but  there  is  space  at  another  site  on 
base  for  a  coal  pile  and  a  new  coal-fired  boiler. 


8.3  Technical  Risk.  o£  Combmtion  Technologies 

The  exiicing  boilers  are  designed  for  No.  5  oil  or  gas  firing. 
The  cechnicai  risk  is  fairly  high  because  of  limited  experience 
of  ccal-water-mixture  firing  of  No.  5  oil’-designed  boilers. 

COGENERATION  PROJECT  OUTLOOK 

Cogeneration  would  probably  not  be  economical  at  this  base  because 
of  the  low  electric  power  rates. 
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10.  IKFUT  AKD  LCC  SUmwy  SFREADSKUTS 


Stoker 

.043 

.004 

11000. 


ECOMOaC  PAKAHCTERS 

Inflstion  k  dlieountlni  b«i«  y*«E  ••  1668 
0«n  ln£la  ind«x  (1887  to  bti«  yt)  ••  1.040 
G«t  ln<lt  lnd«x  (1088  to  b«tf  yr)  •*  1.000 
OU  InfU  lnd«x  (1688  to  b«t«  yr)  «  1.000 
Coil  Infla  lnd«x  (1688  to  b«(«  yr)  ■■  1.000 
Psojoet  «tatt  ytat  ••  1660 
Frojaet  111*  (yr)  •  30 
DapraeUtlon  Ilf*  (yr)  ••  1$ 
Central  Inflation  rat*  (Z/yr)  ••  0 

Typ*  of  eai  tacalation  ••  *•** 
Typ*  of  oil  tacalation  ~  toll 
Typ*  of  coal  tacalation  ■■  tcoal 
Olicount  rat*  (Z/yr)  ••  10 
Rat*  of  return  on  Invtat  (Z/yr)  ••  17 
Aaount  of  vorkini  capital  (nonth)  2 
Fadtral  Incoa*  tax  rat*  (Z)  ••  34 
Local  prop  tax  (&  Iniur)  rat*  (Z)  ••  2 


USAT  ACAPafft  1  t  80  MBtu/bj.  KQHCHK;.  rARAMETBS  "  ICTCML  YAUm 


Total  ateae  output  «•  60.0 
Boiler  capacity  factor  ■■  .380 
Kuabtr  of  unlta  for  rtflt  «  1 
Hydrated  11m*  prlc*(S/ton)  ••  40.00 
Aah  dlapoial  price  (S/ton)  ••  10.00 
Electric  price  (c*ntt/kWh)  ••  3.60 
Labor  rate  (ki/yr)  >  33.00 
Llneaton*  price  (S/ton)  *  20.00 
FUEL  naCES 

Hatural  |*a  price  (S/KBtu)  ••  2.38 
#2  Oil  price  (S/KBtu)  ••  .00 
88  OIL  price  (S/KStu)  «  3.67 
OFTIONS 

Soot  blower  exiltlpller  *•  1.0 
Tub*  bank  nod  oultlplier  **  1.0 
Sotton  aih  pit  oultlplier  ••  1.0 
S02  control  oultlplier  .0 
LTHESTOtfE/LDC 

Inert  fraeticn  ••  .03 


K8tu/hr 


(XAL  norotTin 

Aah  fraction  ••  .046 
Sulfur  fraction  ••  .004 
KHV  (Btu/lb)  -  10700. 

nnx  nuoB 

R.O.H.  coal  (S/KBtu)  »  1.17 
Stoker  coal  (S/K8tu)  ••  1.43 
Coal/H20  nix  (S/KBtu)  «  3.00 
Coal/oil  nix  (S/KBtu)  >  3.30 

Prlnacr  fuel  la  3 
HATURAL  CAS 

W6  Oil,  2-82  Oil,  3-HO 


* 


1 


/ 


4 


REAL  ESCALATIOH  RATE  H/vr) 


TYPE  OF  FUEL 

1688 

1890 

1993 

2000  AHD 

FUEL 

ESCAUTIOH 

-1990 

-1995 

-2000 

BEVOHO 

Gai 

esaa 

3.66 

8.87 

5.77 

5.77 

Oil 

eoil 

4.86 

7.87 

4.16 

4.16 

Coal 

eeoal 

1.16 

2.31 

1.19 

1.19 

10:37  AH  Oct  24,  1688 


227 


OStf  ACAgPgi  1  X  M  KOiOflC  fAMMnna  "  MOMML  YALMB 


Total  ataaa  output  80.0 

KBtu/hr 

Cost  baaa  yasr  •* 

1088 

Bollat  capacity  factor  •• 

.583 

Frlnary  fual  •> 

KATUKAL  CAS 

Kunbtr  of  units  for  raflt  •• 

1 

A.»t!<UAL  COSTS _ 

# 

Furi/ 

FUEL 

TOTAL 

MAIKT 

OIHEX 

OF 

STEAM 

FXICE 

CAFITAL 

FUEL 

0  A  H 

0  A  H 

■IJH 

kS 

kS 

kS 

k? 

Matural  (as  bollat 

— 

.800 

2. St 

.0 

13C0.7 

211.2 

522.7 

41  011  flrad  bollar 

— 

.800 

.00 

.0 

.0 

.0 

.0 

.. 

RTiS 

3.67 

.0  . 

1881.7 

Hlcronlsad  coal  raflt 

1 

.800 

1.17 

3169. 2 

501.5 

136.0 

692.0 

Slatflnt  bumar  raflt 

1 

.800 

1.17 

5951.8 

591.5 

136.9 

602.0 

Modular  FIC  raflt 

1 

.700 

1.17 

6838.0 

602.0 

115.0 

675.1 

Stokar  flrlnt  raflt 

1 

.760 

l.AS 

3815.8 

775.5 

115.0 

665.0 

Coal/uatar  slurry 

1 

.750 

3.00 

3552.0 

1625.9 

115.0 

587.8 

Coal/oll  slurry 

1 

.780 

3.50 

2C96.5 

1623.9 

330.5 

560.6 

2 

.679 

l.*S 

6668.1 

868.5 

362.8 

901.1 

Fackacad  shall  stokar 

2 

.760 

l.AS 

775.5 

115.0 

762.1 

Faeksiad  shall  FBC 

2 

.760 

1.17 

7205.1 

625.7 

115.0 

Flald  aractad  stokar 

1 

.800 

I.A5 

8963.7 

736.7 

112.5 

656.6 

Flald  aractad  FBC 

1 

.800 

1.17 

0561.0 

591.5 

182.0 

675.0 

Pulvarlt  .d  coal  hollar 

1 

.820 

1.17 

10107.7 

580.0 

167.0 

706.6 

_1_ 

_L12_- 

■uHim 

AIB  rORCE  PKOJECT _  PKIVATE  PKOJICT 


TFCHNOLOGY 

4  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

kS 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

FAYBAOC 

PERIOD, 

_ yr _ 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ kS _ 

BENEFIT/ 

COST 

RATIO 

Natural  gas  bollar 

28,827 

1.000 

<—  Existing  systam,  prlswry  fual 

#2  011  flrad  hollar 

— 

— 

0 

— 

.. 

■  34.380 _ 

Hlcronlxad  coal  raflt 

Not  applleabla  bacausa  of  spaca  llnltatlons 

Slatting  bumar  raflt 

Not  applleabla  bacausa  of  spaca  limitations 

Modular  FBC  raflt 

Not  applleabla  bacausa  of  spaca  limitations 

Stokar  flrlnt  raflt 

Not  applleabla  bacausa  axlstlng  hollar  was  daslgnad  for  #5  oil 

Coal/watar  slurry 

1 

25,325 

26,416 

1.091 

22.7 

26,692 

.098 

Coal/oll  slurry 

Not  avaluatad 

Fackagad  shall  stokar 

2 

24,310 

21,623 

1.333 

13.3 

25,020 

1.152 

Packagad  shall  FBC 

2 

24,992 

21,534 

1.339 

13.9 

25,651 

1.124 

Flald  aractad  stokar 

1 

23,095 

22,847 

16.4 

27,710 

1.040 

Flald  aractad  FBC 

1 

23,742 

23,024 

1.252 

17.1 

28,329 

1.018 

Pulvarlxad  coal  hollar 

1 

23,163 

23,632 

1.220 

16.3 

29,220 

.987 

_ 1 _ 

23.449 

2* .*60  - 

1 .179 

20.1 _ 

30.786 

,936  , 

10:57  AH  Oct  2A.  1988 
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TottL  «t«M  output  «  < 
Boiler  eipeelty  factor  «•  , 
llueber  of  units  for  rsflt  «  : 
Hydrated  Use  prlce(S/ton)  "  ' 
Aih  disposal  price  (3/ton)  •* 
Electric  price  (centa/kWh)  « 
Labor  rate  (kS/yr)  •• 
Llcsesbone  price  (S/ton)  •• 
im  mias 

Hatural  (as  price  (5/KStu)  ••  : 
#2  011  price  (3/K3tu)  » 
#6  011  price  (B/KStu)  •* 
orriOHs 

Soot  blower  caultlpller  •• 
Tube  bank  nod  nultlpller  " 
Botton  ash  pit  nultlpller  >• 
S02  control  nultlpller  •• 
LTHCSTOKt/Var. 

Inert  fraction  *• 


KStu/hc 


COAL  IDOratTIXS 


K.O.H.  Stoker 


Ash  fraction  *■  .049  .043 

Sulfur  fraction  .004  .004 

HUV  (Btu/lb)  w  10700.  11000. 

rm.  naaa 

R.O.K.  coal  (S/KBtu)  -  1.17 

Stoker  coal  (3/K8tu)  ••  1.43 

Coal/H20  nix  (S/KBtu)  -  3.00 

Coal/oll  nix  ($/K8tu)  «  3.30 


PrlaMry  fuel  la  3 
NATURAL  C/Ji 

W8  Oil,  2f  2  Oil,  3>HC 


ECOlWHIC  FARAHETERS 

Inflation  &  dlscountlnt  base  year  ••  1088 
Gen  Infla  Index  (1887  to  base  yr)  •*  1.040 
Gas  Infla  Index  (1088  to  base  yr)  1.000 
Oil  Infla  Index  (1988  to  base  yr)  «  1.000 
Coal  Infla  Index  (1988  to  base  yr)  ••  1.000 
Project  start  yasr  ••  1800 
Project  life  (yr)  <>  30 
Depreciation  life  (yr)  ••  13 
General  Inflation  rata  (Z/yr)  •*  0 

Type  of  gas  ascalablon  ••  agas 
Type  of  oil  escalation  ••  eoll 
Type  of  coal  escalation  ecoal 
Discount  rate  (Z/yr)  •  10 
Rate  of  return  on  Invest  (Z/yr)  ••  17 
Asxiunt  of  working  capital  (nonth)  ••  2 
Federal  Incona  tax  rata  (Z)  >  34 
Local  prop  tax  (&  Insur)  rate  (Z)  •  2 


¥ 

X 


REAL  ESCAUTION  RATE 


FUEL 

TTPE  OF  FUEL 

ESCAUTION 

1988 

-1990 

1990 

-1995 

1995 

-2000 

2000  AND 

BEYOND 

Gas 

agas 

2.28 

4.70 

5.49 

2.75 

Oil 

eoll 

.17 

4.16 

5.55 

2.77 

Coal 

ecoal 

1.46 

1.76 

1.61 

.81 

4 


r 
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% 


1 


VStf  AgAPBTf;  1  if  ??  rVtt.m  E<MATI«LS-^.IM?. 

Total  •taasi  ootput  ••  60.0  KStu/hc  Coit  bai*  yaar  ••  1866 

Bollar  capacity  factor  <*  .960  PrlBaxy  fual  «  KATVIUL  CAS 

Kuebcc  of  units  for  caflt  ••  1 


AKWAL  COSTS 


* 

or 

TECBWLWY _ URITS 

FUEL/ 

STEA.*! 

IFF 

FUEL 

PRICE 

9/iatu 

TOTAL 

CAPITAL 

kS 

FUEL 

k6 

MAIRT 

0  &H 

kS 

OTHER 

0  A  H 

k8 

Katural  (as  bollar 

— 

.680 

2.SS 

.0 

1300.7 

211.2 

322.7 

#2  011  flrad  bollar 

— 

.600 

.00 

.0 

.0 

.0 

.0 

<5  011  flrad  bollar. 

—a 

.600 

3.67 

.0 

1861.7 

211.2 

522.7 

Hlcronlxad  coal  raflb 

1 

.600 

1.17 

9168.2 

981.9 

136.8 

682.0 

Sla((ln(  bumar  raflb 

1 

.600 

1.17 

9891.6 

981.3 

138.8 

692.0 

Modular  FBC  raflt 

1 

.780 

1.17 

6626.8 

602.0 

119.0 

679.1 

Stokar  flrln(  caflt 

1 

.760 

1.19 

9619.8 

779.3 

113.0 

669.0 

Coal/watar  slurry 

1 

.790 

9.00 

3992.0 

1629.8 

119.0 

967.6 

Coal/oll  slurry 

1 

.760 

9.90 

2895.9 

1623.0 

330.9 

360.6 

Low  Bt*v»asinar  raflt 

J 

.870 

1.15 

666?. 1 

868.5 

382.8 

801.1 

Fackagad  shall  atokar 

2 

.760 

1.19 

9720.3 

773.3 

119.0 

762.1 

Paekagad  shall  FBC 

2 

.760 

1.17 

7209.1 

629.7 

<il9.0 

773.0 

Flald  acactad  atokar 

1 

.600 

l.*S 

8883,7 

736.7 

112.9 

636.6 

Flald  aractad  FBC 

1 

.600 

1.17 

8361.0 

391.9 

162.0 

879.0 

Fulvarlxad  coal  bollar 

1 

.620 

1.17 

10107.7 

360.0 

167.0 

706.6 

Clrculitlni  FBC 

JL_ 

-.tlO- 

..hV 

JI2ZL2- 

_au__ 

112.9 

...ZIU., 

AIR  rORCE  TOWlCT _ PRIVATE  PRMtCT 


TECHNOLOGY 

#  OF 

UNITS 

COAL 

USE, 

ton/vr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

V$ 

BENEFIT/ 

COST 

RATIO 

DISCOUNTED 

PAYBAO: 

PERIOD, 

_ yr 

LIFE 

CYCLE 

COST, 

DISCOUNTED 

AS  SPENT 

_ 

BENEFIT/ 

COST 

_ RATIO 

Katural  jas  bollar 

— 

— 

22,246 

1.000 

< —  Existing  systam,  primary  fual 

#2  Oil  flrad  bollar 

— 

— 

0 

— 

«6  Oil  flrad  bollar 

•  • 

•  • 

27.697 

Hlcronlxad  coal  raflt 

Not  appllcabla  baeauss  of  spaca  lioltatlons 

Slagging  bumar  raflt 

Hot  appllcabla  bacausa  of  spaca  limitations 

Modular  FBC  raflt 

Kot  appllcabla  bacausa  of  spaca  limitations 

Stokar  firing  raflt 

Hob  appllcabla  bacausa  axistlng  bollar  was  daslgnad 

for  #9  oil 

Coal/watar  slurry 

1 

29,329 

26,197 

.890 

>31 

28,627 

.777 

Coal/oll  slurry 

Hob 

avaluatad 

Low  Btu  aasitiar  raflt 

Not 

aoDllcabla  bacausa  of  seaca  limitations 

Packagad  shall  stokar 

2 

24,310 

21,900 

1.039 

24.7 

24,893 

.894 

Fackagad  shall  FBC 

2 

24,992 

21,439 

1.038 

24.8 

29,948 

.871 

Flald  aractad  stokar 

1 

23,099 

22,730 

.979 

>31 

27,989 

.806 

Flald  acactad  FBC 

1 

23,742 

22,929 

.970 

>31 

28,232 

.788 

Fulvarlxad  coal  bollar 

1 

23,163 

23,940 

.949 

>31 

29,129 

.764 

Clrculatlnx  FBC 

1 

23.&4g 

24.366 

.913 

>31 

30.690 

.729 
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iSiLAgtfOff; — 1. 1  «o  HBtuThr.  nna.  ktju.  E«uiJiTtfif  ^ 
Total  si*M  output  •«  ao.O 
Bollor  capacity  factor  »  .380 
Kuniiac  of  unlta  for  raflt  ••  1 
Rydratad  11m  p;lca(3/ten)  ••  10.00 
A*h  dlspoial  price  (S/ton)  -  10.00 
Electric  price  (cant«/ki<h)  -  3.80 
tabor  rate  <kS/yrJ  ••  33.00 
Liaettoni  price  (d/ton)  ••  20.00 
FUEL  nUCES 

Hatural  (ai  price  (3/.^tu}  •*  2.36 
♦2  Oil  price  (d/ttStu)  «  .00 
#6  Oil  price  (d/KBtu)  •»  3.67 

omaa 

Soot  blower  Multiplier  ••  l.O 
Tuba  bark  Mod  Multiplier  <•  l.O 
SottOM  aah  pit  Multiplier  «  1,0 
S02  control  Multiplier  *  .0 
LSCSTOa/LMC 

Inert  fraction  •i  .03 

EOMOCC  eAVMnats 

Inflation  A  dlaeountlnt  bate  year  «  ISIS 
Gen  Infla  index  (1817  to  bate  yr)  ■  l.OlO 

Oaa  infla  index  (1888  to  bate  yr)  -  l.OOO 

Oil  infla  index  (1818  to  bate  yr)  ••  1,000 

Coal  infla  index  (1888  to  bate  yr)  ••  1,000 

Pcoject  atart  year  >  1880 
Project  life  (yr)  -  30 
Depreciation  life  (yr)  »  13 
General  inflation  rate  (X/yr)  »  0 

Type  of  (a«  eaealatlon  ••  aero 
Type  of  oil  eacaletion  »  aero 
Type  of  coal  escalation  ••  aero 
Diacount  rate  (Z/yr)  ••  10 
Rate  of  return  on  inveat  (X/yr)  «  17 
Amount  of  workin*  capital  (month)  ■  2 
Federal  Incooe  tax  rate  (Z)  ••  31 
Local  prop  tax  (6  inaur)  rate  (X)  -  2 


)3tu/hr 

COAL  HiOmTIES 


SiSJL  Siskx^ 


Aah  fraction  * 

.018 

.013 

Sulfur  fraction  “ 

.001 

.001 

HRV  (Btu/lb)  •> 

10700. 

11000 

rvZL  PUCES 

R.O.H.  coal  (S/HStu)  • 

1.17 

Sto)(er  coal  (8/K8tu>  • 

1.13 

Coal/H20  Mix  (S/KStu>  « 

3.00 

Coal/oil  Mix  (S/MBtu)  - 

3.30 

PrlMcy  ft»el  la 

3 

KATURAL  CAS 

W6  Oil,  2-#2  Oil, 

3-)tO 

£»EL 

TYPE  OF  FUEL 

ESCALATION 

1888 

-1990 

1990 

-1995 

1993 

-2000 

2000  AND 

BEVOND 

Gaa 

zero 

0 

0 

0 

0 

Oil 

z«to 

0 

0 

0 

0 

Coal 

z«ro 

0 

0 

0 

0 

4 


T 
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Total  ttaaoi  output  ••  10.0  K>tu/hr 
lolltr  capacity  factor  ■*  .310 
Kuisbar  of  units  for  rafit  ••  I 


Coat  bass  ytar  »  lOII 
rrlMty  fusl  »  KATWIAL  CAS 


Katural  |aa  bollar 
#2  011  flrad  bollar 


#  niLi  run.  total 
or  STiAH  mice  uktal 


.100  2.S6 

.100  .00 


Kicronltad  coal  rsflt  I  .100  1.17  3160.2  301.3 


Sla((ln(  bumar  rafit 
Hodular  rSC  rsflt 
Stoksr  firing  rafit 
Coal/Matar  slurry 
Coal/oll  slurry 


FaeVacad  shall  stokar 
rackagad  shall  r>C 
Flald  aractad  stokar 
Flsld  aractad  rtC 
Fulvsrliad  coal  bollar 


1.13 
1.17 
1.13  6663.7 

1.17  0361.0 

1.17  10107.7 


11 It  t  t-Zi-16' 


DISCOUHIEO 

PAYBACK 

PCRIOO, 


LIFE 

CYCLE 

COST, 

DISCOUMTEO  BEHEFIT/ 
AS  SPEMT  COST 


li'.my 


Hicronlzad  coal  raflb 
Slaiilns  bumar  rafit 
Hodular  FBC  rsflt 
Stokar  flrlns  rsflt 
Coal/watar  slurry 
Cosl/oil  slurry 
low  Btu  saslftar  rsflt 


Exlatlnt  systam,  primacy  fual 


Hot  applicable  baeauis  of  ipaca  limitations 
Not  appllcabla  bacauss  of  spaes  limitations 
Not  appllcabla  bacauss  of  spaes  limitations 
Not  appllcabla  bacauss  axlstlnc  bollar  was  daslsnad  for  #3  oil 


1  23,323 

Not  svaluatad 


23,603 


26,298 


paca  limitations 


Fackagad  shall  stokar 

2 

24,310 

20,420 

.700 

>31 

23,782 

.678 

Facktgad  shtll  FBC 

2 

24,992 

20,363 

.784 

>31 

24,652 

.654 

Flsld  aractad  stokar 

1 

23,095 

21,703 

.743 

>31 

26,534 

.608 

Flald  aractad  FBC 

1 

23,742 

22,101 

.729 

>31 

27,380 

.589 

Fulvaclzad  coal  hollar 

1 

23,163 

22,732 

.709 

>31 

28,295 

.570 

Cicculatlnx  FBC 

1 

23.449 

23.549 

.685 

>31 

29.849 

.540 
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